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CHAPTER I 
OBJECTIVE 
Since the denouement of the reticular versus svnaDtic 
.J. -
theory of neural transmission in favor of Cahal's (1911) 
view that neurons form discrete units, and Loewi's (~926) 
and Dale's (1938) hypothesis of chemical neurotransrnission, 
several substances have been proposed as neurotrans~itter 
agents. In addition, these agents have been postulated to 
serve as modulators, in specific neural circuits, and, thereby 
to subserve distinct behavioral and physiological functions. 
In order for a substance to be established as a ne~ro-
transmitter, certain criteria must be met. These can be 
su~~arized as follows: 
1) The substance, as well as its urecursors and ret-
abolites, must be shown to exist in the central nervo-.Js sys-t.es; 
2) The substance must be released from nerve ter~inals 
by neuronal discharge or depolarization; and be metabolized 
by degrading enzymes or taken up by the nerve termiEal after 
release; 
3) The substance must produce a post-synaptic res9onse, 
such as an inhibitory (hyperpolarizing) or excitatory (de-
polarizing) post-synaptic change in membrane potential. 
A massive literature has accuii:lulated with the objecti\7 e 
of demonstrating that certain amines and a;nino acids meet 
these criteria, and, thus serve as neurotransmitter agents. 
1 
2 
Included are 5-hydroxytryptamine (5-HT), dopamine (DA), 
norepinephrine (NE), epinephrine, acetylcholine (ACh), 
glutamine, aspartate, gamma-amino-butyric acid (GABA), 
glycine, and histamine (Agranoff, 1975). Recently, several 
peptides (amino acid chains), including substance P, methio-
nine 5-enkephalin, neurotensin, and beta-endorphin, have 
been proposed as neurotransmitters or neuromodulators (Elde 
et al., 1976; Uhl et al., 1978). 
A vareity of methods have been developed and employed 
in the search for potential neurotransmitter agents. These 
can be summarized in three categories: 
l) Anatomical: Enzyme fluorescence and i~~uno-histo­
chemistry, and anterograde autoradiographic and retrograde 
horseradish peroxidase tracing, combined with a variet:l of 
lesion and biochemical methods. 
2) Biochemical: Radio-enzymatic-and i~uno-assay, 
chromatography, and the analysis of perfusates obtained 
from push-pull cannulae implanted in neural tissue; ana, 
3) Electrophysiological: Intra-and extra-cellular 
recording, chemical and electrical stimulation, and micro-
iontophoresis. 
By a combination of these Qethods it now seems certain 
that the monoamines, 5-HT, NE and DA, as well as GABA and 
ACh, serve as neurotransmitters in certain brain regions. 
Precursors and metabolites have been detected in brain, 
the monoamines are probably released by nerve terminals, 
and they are potent in affecting the membrane potentials of 
--
presumed receptor cells. 
3 
In addition, these substances are 
contained within neurons which are organized into cisc~e~e 
cell groups which have distinct axonal ?rejection targets. 
Similarly, evidence is accumulating which indicates that 
glycine, as:r;>artate, glutamate, and histamine 1 as \·Tell as 
some peptides also meet these criteria. Some of the above 
putative transmitter agents are anatomically organized 
into systems, that is, cell group clusters with distinct 
projection sites. These observations suggest that these 
systems also serve distinct roles in the regulation of 
specific physiological and/or psychological :r;>~ocesses. 
The overall objective of the present study is to de-
termine the role of the noradrenergic, serotonergic, and 
c~olinergic systems, as well as the putative gabae~gic inter-
neurons, in mediating an animal's response to stressful 
stimuli. These four neurotransmitters, along with DA, have 
been postulated as playing important roles in several physio-
logical and behavioral processes {Goodwin and Sack, 1973). 
Thus, in the "reward centers" described by Olds et al. (1964) 1 
NE has been implicated in the "pleasure" experienced, and 
DA in the pleasure anticipated (Crow, 1972). The role of 
DA and NE systems in mediating positive reini:orcement, hoH-
ever, is highly controversial (Fibiger, 1978). Both 5-HT 
(Crow, 1973) and ACh (Wise et al., 1973) systems have been 
implicated in negative reinforcement processes. Again, 
their specific roles remain a matter of intense debate 
(Lorens, 1978). In addition to their involvement in rein-
4 
forcement processes, NE, DA, 5-HT, ACh and GABA systems 
have been hypothesized to play important roles in sleep 
(Jouvet, 1972), pain (Lorens, 1978), temperature regulation 
(Myers, 1974) and sex (Gessa and Tagliamonte, 1974). 
The biochemical measurement of levels and aggression, 
(Karczmar, 1976 and Karczmar et al., 1978), of these sub-
stances in brain are relatively crude in the sence that 
they do not permit detailed descriptions of complex molecu-
lar changes and interactions. It is generally believed, 
nevertheless, that these substances are present in several 
compartments. They may be stored in vesicles, present in 
free-form in the synaptic cleft, or bound briefly to a post-
synaptic cell membrane receptor where membrane changes in 
permeability are induced (Tranzer, 1973). Furthermore, 
some may be contained in blood, and in non-neural tissue, 
and may not be of neural origin. This is particularly true 
of 5-HT, 96% of which is located in enterochromaffin cells 
of the GI tract, platelets and mast cells. 
At this level of analysis, a functional transmitter is 
that which has been released by neuronal discharges (or 
pharmacologically) and provides for information transfer 
post-synaptically by latering the receptor. In this regard, 
studies on transmitter levels give only a partial indication 
of functional activity and its link with behavior. However, 
there may be a distinct proportionality between the amount 
released and the amount sotred. Although it is true that 
some regions of brain may be rich, and others poor, with 
regard to certain transmitters, some brain functions 
clearly utilize many neurotransmitter systems (Karcz2ar, 
1978). Therefore, a whole brain and brain part analysis 
of several neurotransmitters might be of value in deter-
mining their role in certain behavioral res9onses. 
Techniques used to measure the turnover of neurotrans-
mitter agents must meet rigorously controlled conditions 
of synthesis and degradation (Costa, 1971). Changes in 
the rate of synthesis and degradation of transmitters may 
occur along with changes in temperature and other physio-
logical parameters, independent of transmitter release and 
functional significance (Neff et al., 1974). A fall in level 
may signify an increase in turnover rate, but turnover rate 
cannot be measured while levels are changing, since a change 
in level may mean that rate of synthesis does not equal t~e 
rate of degradation and that the steady state is not main-
tained, an essential condition for turnover rate deter8ination. 
Since positive and negative feedback control of transmitter 
release has been documented, it is important to measure both 
concentration and turnover rates simultaneously. 
In the present study, I have atten9ted to establish 
correlations between the brain concentrations and turnover 
rates of certain transmitter agents and s9ecific behaviors 
emitted by mice. Earlier studies in our laboratory have 
deQonstrated that brain levels of NE, ACh, and 5-ET fluctuate 
in an approxi~ately direct relationship to each other across 
various genera of mice (Karczmar et al., 197J). The goals 
6 
of the present study, thus, were fivefold: 1) to sub-
ject different strains of mus musculus to a variety of 
stressors including foot shock, glossopharyngealectony, 
olfactorybulbectomy, enucleation, and isolation; 2) to 
study the effects of these stressors on brain NE, 5-HT, 
ACh, and GABA concentrations and turnover rate; 3} to 
study the effects of stress on conditioned avoidance 
learning; and, 4} evolve an hypothesis relative to the 
function of central neurotransmitters in the stress and 
coping syndrome; 5) to study the inate differences in 
neurochemistry and behavior found among various strains 
of M:.1s. 
--
CHAPTER II 
METHODS AND MATERIALS 
A. ANIMALS 
All experiments used mice of one of two strains: Mus 
musculus CF-1 and Mus musculus C57BL/Bailey (BY) . The CF-1 
mice were obtained from Carworth Farms Laboratory (Porthage, 
Mi.). while the C57BL/BY mice were obtained from the Jackson , 
Laboratory (Bar Harbor, Maine). Only male mice weighing 25-
35 grams (g) were used. The animals were housed 10 per cage 
in an illumination (12 hour dark-light cyclejlights on at 
0700 hours) and temperature (75± 5 degrees F) controlled 
room. Food and water were available ad libitum in the home 
cage. 
B. BEHAVIORAL MEASURES 
1. Avoidance Conditioning "Climbing Screen" 
The avoidance conditioning climbing screen was construe-
ted of Plexiglas and consisted of 5 pairs of base chambers 
and inclined runways (A 1-5 and D 1-6), respectively (Fig. 1 
and 2). The chambers and runways were arranged sequentially 
in a stairway fashion, the chambers communicating with the 
runways by means of solenoid-operated gates (Fig. 2, J). 
Each runway, inclined at an angle of 35 degrees,was 12 inches 
(in) lon~ 3 in. wide and 3 in. high. The dimensions of each 
7 
Figure 1. Photograph of the automated avoidance condit-
ioning " climbing screen " apparatus. 
8 
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Figure 2. Diagram of automated avoidance conditioning 
"climbing screen". A 1-5: base chambers; D 1-5: 
climbing ramps; J: guillotine doors, or gates; 
B 1-5: elapsed timers for base chambers; C 1-5: 
elapsed timers for climbing ramps; E and F: reset 
buttons; G, H and I: milliampere meters for control 
of shock intensity. 
10 
base chamber were 3 in. by 2 in. by 3 in. high. Grids made 
of wire (3.0mm in diameter), fastened 1/8 in. apart, consti-
tuted the floors of the base chambers and runways. The 
latter were composed of four sections each. The grids could 
be electrified successively. The programming controls con-
sisted of delay timers (Fig. 2, G and H) which operated the 
closing and opening of the gates. They were used to set 
the time interval between the opening of a gate and the 
I 
activation of the base chamber grid (Fig. 2, G and H). The 
stimulus parameters, and the distributor for randomizing the 
shocking current to the grid floor were controlled manually 
, 
by the experimenter. Light beams which impinged on photo-
cells installed at the doorways to and from each base cham-
ber served to provide a record of the time spent by the 
mouse in each of the base chambers, as well as the rate at 
which the mouse climbed from one chamber to the next. The 
beams activated ten elapsed-time meters (Fig. 2, B and C: 
calibrated in 1/10 second). The stimulus parmeter \vas 1.3 
milliamperes. 
Each conditioning trial was run as follows. The mouse 
was placed in the lowest chamber, and its exit gate, as well 
as that of the next chamber, was opened 60 seconds (sec.) 
later. The chamber grid was electrified after an additional 
5 sec. had elapsed. The electric shock then was applied at 
10 sec. intervals to the four consecutive sections of the 
runway grid. Immediately after the animal entered the next 
base chamber, the entrance gate closed behind it and the 
entire cycle was repeated. In the course of one completed 
ll 
trial the mouse proceeded through a linear series of five 
base chambers alternated \<lith five ramps. 
During each trial the elapsed-time meters recorded the 
length of time the mouse spent in each base chamber after 
the opening of the gate. These elapsed times are referred. 
to as "base" times. Thus, a "base" time of more than 5 sec. 
indicated that the mouse received shock to its feet prior 
to leaving (escaping) the chamber; times shorter than 5 sec. 
indicated an avoidance response occurred. The time meters 
also recorded the length of time that a mouse spent on the 
ramp; these elapsed times are referred to as "climbing" 
times. Each trial with one mous~ therefore, yielded ten 
readings consisting of five "base" and five "climb" times. 
These readings could be manipulated and presented in 
various ways. The "climbing" and "base" times could be 
plotted individually for each mouse, as it progressed from 
level to leve~ and from trial to trial, each plot constitu-
ting a 50-point graph. Various methods of analysing the 
data also could be employed. The "base" and "climb" times 
for ten trials could be averaged per mouse, or for the ten 
mice used per experimental group. In the latter case, an 
average value based on five hundred readings (ten trials per 
mouse; five "base" and five climb times per trial) could 
be averaged per level for the ten trials, either for the 
individual mice or for the the ten mice in each experiment. 
The values calculated by these methods did not reflect changes 
occuring from trial to trial. Accordingly, the"base" and 
"climb" times could be averaged for each ten mice. Thus, for 
12 
each successive level and trial, or five "base" and "climb" 
times, could be averaged for each group of ten nice, five 
values each per trial, for each of the ten trials, or the 
number of avoidance responses (CAR's) could be averaged for 
each mouse or group of mice for each trial. Any reading 
less than 5 sec. indicated avoidance, (Scudder et al., 1969). 
2. Locomotor Activity "Photoactometers" 
Activity was recorded in a constant environmental chamber 
(75 ± 5° F) by means of Lehigh Valley Electronic Photoacto-
meters (Fogelsville, Pa.) measuring 18 in. in diameter and 
12 in. high with a wire mesh floor. Photocells (n=6) were 
situated 1 in. from the floo~ and 2 in. apart around the 
cylindrical chamber. The chambers were dark "~:ii th no food 
or water available. One animal was placed in the chamber 
and left there for 1 hour. Each beam interruption ".vas re-
corded by digital counter. Activity was recorded every 10 
min. for the first hour. The data were reported as acti-
vity counts per 10 min. period and as the total activity 
counts for the 60 min. session. Typically, the activity 
level would decrease over time. 
3. Agression (Isolation Induced) 
A "round robin" (Valzelli et al., 1968) technique was 
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used to measure the effects of isolation on aggression. The 
mice were housed individually for a minimum of two weeks in 
Plexiglas cages in constant temperature (75 ± 5°F). A 12 
hr. light-dark cycle was maintained, and food and water was 
available ad. libitum. The mice were not handled during 
the isolation period. Following the isolation period, ten 
mice were exposed, one against the other. until each mouse 
had been exposed to every other mouse. Thus, a total of 
forty-five encounters constituted one series of experiments. 
The "fighting" cages were constructed from stainless steel 
and measured 5 in. by 7 in. x 5 in. high. Sawdust was 
placed in the bottom of the cage. TvlO mice \vere placed in 
the cage separated by a removable metal divider. The "fight-
ing" cages were washed and fresh sawdust provided between eac:-: 
behavioral observation period. Two of these mice were placed 
in the fighting chamber with a steel wall between them. 
After 15 sec, the wall was pulled out and the two mice 
allowed to fight. The occurance o~ a "fight", the aggressive 
mouse, and the latency in sec. from the time of removal of 
the separation wall to the first appearance either fierce 
wrestling or biting was recorded. After the experimental 
procedure was completed, the two mice were returned to their 
individual cages, the fighting chamber vJas cleaned, and two 
different mice were allowed to fight. In this way, a "round-
robin" of fights among the ten mice was performed. After 
each mouse had fought every other mouse (a total of 45 pos-
sible fights), the animals were sacrificed. 
Two measurements were recorded during each episode; the 
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latency in seconds for the animals to attack, and the per-
cent of animals from each group of ten who fought. The 
total number of "fights" observed also was recorded. In 
this manner, very aggressive or very timid mice can be dis-
cerned. The encounters were numerically arranged by the 
investigator to make certain that no animal fought twice 
in a row. Thus, the learning variable to fight was 
somewhat controlled, although the latency to fight \•las de-
creased as the experiment progressed through the forty-five 
encounters. 
4. Foot Shock 
The mice were given shocks of 0.05 millivolts for 2 
sec. in Lehigh Valley Electronics Model 1002 shock chambers. 
The chambers were made of Plexiglas with a wire grid floor. 
Each rod was separated by 5 mm and comprised the entire cage 
floor. The animals were not able to escape the shock. Sixty 
shocks were administered per experiment. There \•7ere twelve 
animals per experiment. The shocks were administered man-
ually by the investigator and several behavioral indices 
were noted, including catatonia, biting the cage, tail rat-
tling, and piloerection. Catatonia was defined as a rigid, 
fixed position with no movement or tremors. At times ani-
mals receiving shocks would not change their position from 
one shock to the next. As the experiment progressed most 
animals became more and more "catatonic". For most of the 
experiments described below the animals were taken directlv 
from the shock cages and placed in another testing apparatus 
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(activity wheel or the "climbing screen"). or sacrificed for 
biochemical analysis, as detailed below. 
C. BRA.IN EXTRACTION AND DISSECTION 
Each mouse was weighed, microwaved as described below, 
and rapidly decapitated using a pair of sharp scissors. 
Its brain was immediately extracted in the following manner. 
A midline incision was made through the skin covering 
the cranium, thereby revealing the entire dorsal surface 
of the skull. Inserting the tips of a pair of fine scissors 
into the opening at the caudal end of the cranium, a dorso-
lateral cut was made proceeding rostrally first through the 
, ! 
cartilage bordering the right side of the brain, then through 
the left side, both cuts meeting directly over the olfactory 
bulb region. The cranium then was removed exposing the en-
tire dorsal aspect of the brain. The brain, including the 
olfactory bulbs, was gently lifted out of the skull with a 
spatula. In the process of removing the brain, the spatula 
was used to sever the brain from the cranial nerves 1 and the 
hYP0physi~which were the only elements holding the brain in 
place within the skull. At this point the brain either was 
immersed directly into a flask containing liquid nitrogen or 
divided i~to parts, depending on whether the whole brain or 
parts of brain were to be used. When whole brains were used, 
the entire process of excision and immersion into liquid 
nitrogen took less than one minute. In those experiments re-
quiring brain parts, upon removal of the whole brain from 
the skull, the following dissection was rapidly performed. 
The caudal ends of the neo-cortex were lifted up and for-
ward exposing the ~xonal connections between the dienceph-
alon and the telencephalon, namely, the striae terminalis 
and the internal capsulae. Severing the brain at these 
points on both the right and left sides separated the tele-
cephalon (T) from the rest of the brain. The telencephalon 
- ' 
thus obtaine~ included neo-cortex, the olfactory bulb~ the 
hippocampus1 and the basal ganglia (striatum and amygdala)· 
The midbrain-diencephalon (M-D), including the thalamus, 
hypothalamus and midbrain, was obtained by sectioning the 
brain at a point immediately rostral to the cerebellQ~ and 
caudal to the inferior colliculi. Thereafter, the cere-
bellum was detached from the M-D and combined '.vi th the re-
maining brain tissue, the pons-medulla, which terminated 
caudally at a point immediately rostral to the first verebra. 
As each of these parts were isolated, they \vere immediately 
immersed in liquid nitrogen. The process of sacrifice, 
brain extraction ,division into parts, .and immersion in 
liquid nitrogen took less than two minutes. Due to the small 
amounts of tissue obtained, pooling of some brain parts was 
necessary for biochemical analysis. In general, studies em-
playing brain parts required parts from 2-4 different mice. 
Microwave irradiation and immersion into liquid nitrogen 
was found to be the best way to sacrifice and minimize meta-
bolic activity (Richardson and Scudder, 1976). 
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D. TEMPERATURE MEASURETvlENTS 
Both core brain temperature and body temperature were 
measured throughout these experiments. Rectal temperature 
was measured with a Yellow Springs Instrument (Antioch, Ohio) 
Model 4 3TC telethermometer with a 0.25mm diameter thermis-
ter probe (#40). The probe was inserted rectally (1 em) 
and the temperature recorded before, during and after various 
behavioral and biochemical manipulations. 
Immediately following irradiation, the mice were decap-
itated and the thermister probe was inserted 1.5 em into the 
core of the brain through the foreman magnum. 
E. SURGICAL PROCEDURES 
1. Bilateral Glossopharynqealectomy 
A bilateral glossopharyngealectomy was performed as 
follows. The mouse was anesthetized with Nembutal Sodium, 
60 mg/kg, intraperitoneally (i.p.). The animal was shaved 
and tied on its back on an operating table. T•Jhen the animal 
was sufficiently anesthetized, a 5/8 in. transverse inci-
sion was made in the throat with sterilized instruments. 
The submaxillary gland was lifted with a dull probe and held 
by a hemostat. A dull probe and sharp forceps were used 
in teasing nuscles and fascia until the trachea was visual-
ized. The trachea then Has lifted slightly laterally and, 
at the site of the carotid sinus, between the junction of the 
internal and external carotid arteries, the glossophary-
ngeal nerve identified. An A.C. Baker (London) dissecting 
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microscope was used to locate the nerve. The glossopharyn-
geal nerve was lifted by means of a microhook and was then 
cut with a microscissors. A 9.3 mm section >•laS excised from 
the nerve between the carotid and lingual branch. An 
identical procedure was carried out on another group of 
mice with the exception that the glossopharyngeal nerve 
was merely identified and probed but not cut. T\vO 7 mm 
wound clips were used to close the incision. The mouse 
then was placed on its stomach in a clean cage. It was 
warmed post-operatively by a 100 watt lamp until it recov-
ered from the anesthetic. After 2 hours the animal was re-
placed in its home cage. 
2. Enucleation 
CF-1 mice were enucleated 3 days after birth as follows. 
An incision was made around the entire orbital area and the 
eye balls renoved from their sockets with a microscapel. 
Very little bleeding occurred and, thus, a needle and fine 
nylon thread 'ivere used to close the incision without packing 
the wound. The animals were placed with their mothers 
immediately after the operation until they were 20 days old. 
At this time they were separated and housed in cages. An 
incision around the orbital area was made on the sham oper-
ated animals, the eye balls were not removed but the inci-, 
sian was closed as above. 
3. Olfactory Bulbectomy 
A bilateral olfactory bulbectomy was performed as 
19 
follows. 
CF-1 m1ce were anesthetized with Nembutal Sodium 
(60 mg/kg, i.p.). Pontocaine (5 mg/kg) was administrated 
subcutaneously and an incision made medially from the level 
of the auricles to 1/8 in. from the tip of the nose. The 
skin was pulled to one side, exposing the skull. Two 1/8 
in. holes were drilled bilaterally in the skull, exposing 
the olfactory bulbs. The durameter was incised, and the bulbs 
removed by means of suction through a micropipette. The 
hole in the cranium then sealed with bone wax to prevent 
bleeding and infection. The wound was closed with a 7 rnm 
wound clip. The animals then were placed in a clean cage 
and warmed with a 100 watt lamp until they recovered from 
the anesthetic. An identical (Control) operation was per-
formed on another group of mice except that the olfactory 
bulbs were not removed. 
F. BIOCHEMICAL DETERMINATIONS 
1. Norepinephrine (NE) and Serotonin (5-HT) 
Concentrations 
The fluorometric technique of Maickel et al. / (1968) 
was used to measure the levels of NE and 5-HT. The animals 
were sacrificed by microwave irradiation utilizing a Litton 
Industries (Chicago) Model 350 microwave oven. The mice 
were placed in the oven for 5 sec. of whole body irradiation. 
They then were decapitated and their brains rapidly removed 
and placed in liquid nitrogen. In experiments involving 
brain part, the brain was Jissected and studied 
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as described above (section C) . The sample then was weig~ed 
and homogenized in a volume of acidified N-butanol equal to 
the weight of the sample. A Talboys Instrument Corp. 
(Emerson, N.J.) Model 103 motor set at speed 60, and a spin-
ning Teflon pestle in a size A Thomas (Phila.,Pa.) grinding 
tube, was used to homogenize each brain sample for l min. 
The homogenate then was transferred to a 13 ml test tube 
and shaken (Eberbach, Ann Arbor, Hi.) automatically for 10 
min. The homogenate was then centrifuged in an International 
Equipment Co. (IECjNeedham Hts., Mass.) centrifuge at 2000 
RPM for 20 min. The supernatant then was transferred to 
test tubes containing 7 ml heptane and 0.2 ml O.lN hydrochlor-
ic acid (HCl). This mixture was shaken for 10 min, as above, 
then centrifuged for 20 min. The organic phase then was 
discarde~ and the acid phase containing NE and 5-HT was 
prepared for fluorometric analysis. External and internal 
standards and blanks were carried through each experiment 
to determine the amount of NE and 5-HT los~ and the amount 
of contamination picked up during the procedure. One micro-
gram (pg) per ml of NE and 5-HT was added to the recovery 
tubes, while the recovery blanks contained 0.1 N HCl in 
equal volume to establish standard curves. 
Following the above, 0.1 ml iodine was added to the 
acid extract. Exactly 2 min later 0.2 ml sodium thiosulfite 
(Na
2
so3 ) was added. Acetic acid (lON) in the amount of 0.2 
ml was added and the acid extract heated in boiling water 
~ 
(H 2o) for 2 min. The samples then were transferred into 
10 mm optical cuvettes and measured using an Aminco Bo~.·JI:\an 
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Spectrophotofluorometer (Silver Springs, Md.). Fluorescence 
was read directly from a photomultiplier photometer (A.rninco 
Bowman) at an activation wavelength of 385 rnrn and an emission 
wavelength of 485 mm. 
The procedure used to determine the level. of 5-HT was 
identical to that for NE up to the preparation of the acid 
extract. Para-opthalaldehyde (0.6 ml) was added to each acid 
extract sample: followed by heating in a boiling bath for 10 
min. The samples then were transferred to 10 ml cuvettes 
and placed in an Aminco Bmqman spectrophotofluorometer. Fluor-
escence was read at an activation wavelength of 360 rnrn and 
emis·sion wavelength of 4 7 0 rnrn. The following formula was used 
to calculate the amount of NE and 5-HT found in brai~ expressed 
as pg/g wet weight. 
X -Y 
Z -Y 
X lOOOpg 
1/V 
= Amine Concentration 
(pg/gm) 
where 
X= fluorescence reading of sample 
Y=fluorescence reading of recovery blank 
Z=fluorescence reading of recovery (non-tissue) 
W=weight of tissue sample in mg. 
Recoveries were calculated by the formula. 
z - y 
A - B 
X 2.8 = 
2.5 
ml butanol 
ml butanol 
X 0.2 
0.1 
HCl 
HCl 
X 
where: B=fluorescence reading of standard blank 
Y=fluorescence reading of recovery blank 
Z=fluorescence reading of recovery 
A=fluorescence reading of standard 
Recovery of 65-75% was realized using this tecnni~ue. 
The sensitivity of this technique is such that a ninimum 
of 4.0 ng/g wet weight NE, and 5.0 ng/g wet weight 5-HT 
could be detected reliably. 
2. GaiT~a-Amino-Butyric-Acid (GABA) Level 
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It was determined in our laboratory (Richarcson and 
Scudder, 1976) that 10 sec whole body exposure to microwave 
irradiation (600 watts; 2.45 x 109 Herz) will conpletely 
stabilize for more than 15 min the post-mortem levels of 
GABA in mice weighting up to 36 g. After sacrifice the 
body was placed under tap water, and the brain, or dissected 
parts, placed into liquid nitrogen. Baxters (1973) nethod 
for determining GABA level was used in these ex?e~iments. 
A Talboys Instrument Corp. Model 103 motor (set at 
speed 60), with a spinning Teflon pestle in a size A Thomas 
grinding tube, was used to homogenize each brain, or brain 
part, for 1 min in ice-cold 75% v/v ethanol slightly acidified 
with several drops of 5 or 6 N HCl per 400 ml. Five ml. of 
ethanol solution was used for whole brain (2.5 ml, for brain 
parts). The homogenate was centrifuged for 1 hr. at 19,000 
RPH in an IEC Hodel R20 centrifuge refirgerated to -1ooc. 
Evaporation of the ethanol was enhanced further by a mani-
fold directing filtered air into the vials via an air pump 
and 1 em diameter rubber tubing. The evaporation process 
was continued overnight to insure that no trace of ethanol 
was left. Teh residue then was taken up in 1 ml of Ol.M 
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potassium pyrophosphate (KPP04) buffer, prepared by placing 
38.45 of KPP04 in 900 ml distilled H20, adjusting the pH to 
8.6 with 5 or 6 N HCl and filling to 100 ml with H20. The 
buffer residue mixture was shaken for l min in a Scientific 
Products Deluxe Mixer (Model 07316), set at speed 4, then 
' 
centrifuged as described above (except at 5°C) . For whole 
brain analysis 0.1 ml of the supernatant was transferred to 
a test tube containing 2.5 ml of KPP04 buffer. For brain 
part analysis. 0.5 ml of the supernatant was placed into 2.1 
ml buffer. Subsequently 0.15 ml of 0.004 M nicotinamide-
adenine dinucleotide phosphate (NADP) sodium salt was added 
to each test tube1 NADP solution was prepared by mixin·::r 33.33 r::g 
NADP per 10 ml distilled H2 0 and neutralizing to pH 7.9 
with reagent grade solid sodium bicarbonate (NaHc0 3 ). After 
adding 0.1 ml GABA-ase (Sigma Chemical Co., St. LouisjG2006) 
preparation to each tube;and mixing briefly on the mixer, the 
solutions, including the blank and reference standards (dis-
cussed below) '\vere each poured into 10 mm optical path\vay 
cuvettes. The optical density of each sample was measured 
at 340 mm wavelength using a Beckman model DU spec·trophoto-
meter calibrated to indicate zero absorbance with a cuvette 
filled with distilled H20. 
The reaction by which GABA was measured then was ini-
tiated by the addition into the cuvette of 0.15 ml of 0.02 
M alpha-ketoglutarate (AKG) (Sigma K-1875) which was prepared 
by mixing 23 mg. of AKG into 10 ml of KPP04 buffer. The 
pH was 7.9 or slightly higher without adjustment. After 
the AKG was added, the optical density increased rapidly and 
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linearly for about 8-9 min which varied less than 2% for 
3-4 min before starting to decline rapidly. There was slight 
~OD.004) increase in optical density not attributable to 
the reduction of NADP in the reaction utilizing GABA. Be-
cause the initial reading of absorbance must be made before 
the reaction is started by adding AKG, there \'las an even 
larger increase in optical density (approximatelyAOD 0.016) 
resulting merely from the addition of the AKG. To account 
for these two effects, each run contained t\vo blanks con-
sisting of reaction mixtures prepared as for whole brain 
analysis, except with 0.1 ml buffer substituted for the GABA 
solution. The average value of blanks was added to each 
initial absorbance value of all samples and standards. The 
resulting sum for each sample and standard then \'las subtrac-
ted from its corresponding final absorbance reading to yield 
the quantity ''change in optical density" used i:r.. the follm'l-
ing formulae. 
Reference standards of known quantities of GABA were 
included in each run to provide a means of calculating the 
quantities of GABA in test samples. The amount of GABA in 
the tissue sample (X) is related to knmvn amount of Gli..BA 
in the standard (K) in the same proportion as the change in 
optical density of the sample ~ODx) which is related to the 
change in optical density of the standard (AODk) . 
Thus: 
X 
I< 
= 
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The quantity X is in units of mg/ml because the total 
GABA content of the sample is taken up in 1 ml of KPP04 
buffer. 
In order to report GABA content in terms of mg/g tissue 1 
wet weight, both sides of the equation, are divided by the 
tissue weight (W) . 
X 
w 
= = AODx 
_AODk 
= 
= 
Recovery of 85-90% was realized using this technique. 
This is the most reliable and sensitive method available. 
3. Acetylcholine (ACh) Level 
A modified technique of Jenden et al. (1972) was used 
to determine the endogenous levels of ACh in the brain 
(Haubrich and Reid, 1974). The assay is based on the con-
version of choline to 32p labelled phosphorylcholine in the 
presence of excess ATP-32p. This reaction is catalyzed by 
the enzyme choline kinase. The phosphorylcholine-32p 'vas 
measured by ion exchange chromatography. Choline and ACh 
are isolated initially from brain by high-voltage pa9er 
electrophoresis. 
The animals were sacrificed in a microwave oven, as des-
cribed above, and their brains rapidly removed and frozen in 
liquid nitrogen. The tissue subsequently was honogenized 1 as 
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described above. in 2.5 ml o~ 15% formic acid and incubated 
on ice for 20 min. after shaking for 10 min. The homogenates 
then were centrifuged in polypropylene centrifuge tubes 
(Omeg~ at 0-5°C for 15 min at 7000 RPM using an 
IEC refrigerated centrifuge. The supernatant then was 
decanted into a 50 ml glass stoppered centrifuge tube and 
stored on ice. The pellet then was resuspended in 10% 
formic acid (2 ml for each gram of tissue) incubated for 20 
min on ice and recentrifuged as above. The supernatant fluids 
were combined with an equal amount of ether \·lhich was sat-
urated with water for 5 min. After the phases were sepera-
ted with a separatory funnel the organic layer was aspirated 
and discarded. The organic solvents which remained were 
evaporated in the formic acid phase by placing the chilled 
samples under a stream of air. The samples then were centri-
fuged for 10 min at 2000 RPM and 0.2 ml of the supernatant 
fluid was transferred to a 13 ml centrifuge tube. The sam-
ples then were freeze dried (Labco Freeze Dryer) for 24 hr. 
Following freeze drying, 50 pl of double distilled H2 0 was 
added to the samples. The mixture then was vigorously 
stirred with a glass rod and centrifuged at 2000 RPM for 5 
min. Ten pl of the clear supernatant fluid was spotted on 
a line drawn on a sheet of Whatman (Scientific Products) 
3 rnm chromatography paper. The line was 10-15 em from the 
end of the paper and perpendicular to the direction of cur-
rent flow. The spots were placed approximately 2 em apart. 
For later identification of the unknown samples, several 
marker spots containing 10 pl of the tissue extract plus 5 
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nl of the choline and Ach marker were placed intermittently 
• 
between the sample spots. Internal standards were prepared 
by spotting. Dilute choline (10 pl) and Ach (10 Ml) stand-
dards were placed on the electrophoresis paper and handled 
in parallel with the tissue samples. The chromatography 
paper was placed on a flat plate electrophoresis unit with 
its orgin toward the positive electrode. The paper then was 
moistened and the electrophoresis set to run at 500 volts 
for 3 hr. 
After electrophoresis, the paper was dried in air and 
the marker spots identified by placing the paper in a closed 
cylindrical glass tank (2 ft dia, 2 ft high) containing 25 g 
of crystalline iodine. When the marker spots came into con-
tact with the iodine vapor, a brown color appeared within 
1 min. These spots were marked with a pencil. Using the 
standards as a guide, the positions of choline and Ach were 
identified. The spots containing tissue choline and Ach 
then were cut out from the paper. The papers thus obtained 
subsequently were placed in culture tubes (12 x 75 em) con-
taining 10 ml distilled water. The amines were eluted by 
shaking for 5 sec with a Vortex mixer. The samples then 
were incubated for 15 min and a 0.5 ml aliquot of the eluate 
was transferred to another culture tube containing 0.10 pl 
of concentrated ammonium hydroxide. The tubes then were 
mixed and heated in boiling H2o for 20 min to hydrolyze the 
Ach. The samples then were evaporated to dryness by heating 
under vacuum at 50-6ooc. At this point an enzyme-substrate 
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solution was prepared. The reagents consisted o£ 4 narts 
ATP, 5 parts sodium chloride (NaCl) solution and l part 
choline kinase. This mixture was pre-incubated for 30 ~in 
at 37°C to phosphorylate any residual choline present in the 
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enzyme. After preincubation, 0.1 ml ATP- P was added. 
The solution then was centribuged for 5 min at 2000 RPl-1. 
Following the centrifugation, 0.1 ml of the enzyme-substrate 
solution was added to the tubes in which the eluate from the 
electrophoresis paper was evaporated. The solution was 
mixed to dissolve the choline. The samples then were incuba-
ted at 37°C for 3 hr to achieve quantitative conversion of 
choline to phosphorylcholine. After incubation 10 pl of 
phosphorylcholine and 1.5 ml of Tris (Sigma) buffer contain-
ing magnesium sulfate (Mgso 4 ) was added to each tube. The 
contents of the tubes were added to a Dowex 1 co1u~~ and 
washed with an additional 4.5 ml of Tris buffer. T~e eluate 
was collected in a counting vial and measured in a Beck~an 
liquid scintillation counter (Model 17265). The reagent 
blank was prepared by eluting a blank section of the elec-
trophoresis paper and processing the eluate along with the 
tissue samples. The external blank contained only the 
enzyme. The substrate mixture \'las added to test tubes 
treated in manner identical to that for the preparation of 
the standards. The recovery was calculated using the fo1-
lowing formula: 
Percent Recovery= CPM 
IS 
CPM 
ES 
CPM 
RB 
CPM 
EB 
X 100 X 2 
where CPM = cpm Internal Standard 
IS 
CPM = cpm External Standard 
ES 
CPM = cpm Reagent Blank 
RB 
CPM = cpm External Blank 
EB 
A recovery of 70-80% was realized utilizing this 
technique. 
The concentration of choline or acetylcholine was 
calculated using the following formula: 
(1 nM) 
nmoles/g tissue= 
CPM 
F 
(CPM-CPM ) 
F RB 
CPM 
RB 
grams of tissue 
where CPM = cpm tissue sample 
F 
4. S~hydroxyindole acetic acid ( 5-HIAA) level 
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The brains or brain parts were homogenized as described 
above for the determination of 5-HT and NE. The procedure 
used for the determination of 5-HIAA was identical with that 
HT up to the aspiration of the organic phase containing 
heptane and butanol. Instead of aspirating off the organic 
phase, 8.5 ml of the heptane phase was transferred to a 13 
ml tube. To these tubes 0.5 ml of 0.033M NaHC03 was added. 
The mixture was shaken for 1 min as described above. The 
tubes were then centrifuged for 5 min at 2000 RPM. The 
orga~ic phase was aspirated and discarded. The aqueous 
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phase was mixed by vortexing. The mixture then was heated 
in a H20 bath at lOOOc for 10 min. The 5-HIAA levels then 
were determined as above in an Aminco-Bowman Spectro-
photofluorometer at 360 millimicrons activation wavelength 
and 470 millimicron emission wavelength. Standard and recov-
ery tubes were carried through the experiment as with one 
5-HT determination. A recovery of 75-80% was realized 
using this technique. 
5. ACh Turnover 
Estimation of the ACh turnover requires the simultaneous 
determination of endogenous and tracer amounts of both ACh 
and choline (Haubrich and Reid, 1974). A trace amount of 
tritiated hydrogen (3H) labelled choline was injected intra-
venously into the tail vein of the mice. Brain ACh turnover 
was estimated from the proportion of 3H-choline converted to 
3H-ACh in the brain at various times following injection. 
The total concentration of choline and ACh in brain did not 
change significantly following injection of 3H-choline. The 
initial rate at which the concentration of 3H-ACh rises re-
presents an estimate of the rate of synthesis of ACh. The 
entire time course (15 min) was utilized to estimate the 
turnover rate using the following method. The rates of 
synthesis and degradation of acetylcholine equal V1 and v2 
nmole/g/min respectively. If x and Y denote the total con-
centrations of choline and ACh and an asterisk denotes the 
labelled variant, then: 
d x* y* 
X = 
d lx -ly 
The assumption that there are uniform pools of choline 
and ACh is implied in this equation. At steady state, 
v1 = v_1 = v1 , or the turnover rate. 
Hence 
= v x* 
X 
__y!_ 
y 
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Measurem~nts were made of s, x*, y andy* at each time 
point. Sacrifice times were 30 sec, 1 min, 2 min, 6 min, 
post-injection. The choline and acetylcholine concentra-
tions were determined utilizing the same extraction proce-
dures described above for the endogenous levels of choline 
and acetylcholine except that no 32p phosphorylcholine was 
added to the tubes. The paper spots containing 3H-choline 
and 3H-Ach were placed in culture tubes and 2.0 ml distilled 
H2 0 was added to elute the amines. The mixture v7as then 
placed in 10 ml of "Cocktail D" which contained 5 mg PPO, 
100 mg Napthaline in 100 ml of Dioxane. The amount of ra-
dioactivity in the sample was measured in a Bec~man Liquid 
{LS 250) Scintillation counter and converted to counts per 
minute {CPM) by multiplying the CPM times a correction fac-
tor of 1.333 and multiplying by the efficiency of the rna-
chine ~hich was 85%.) The conversion factor gives a reading 
in nmoles/gm/min. A straight line is obtained when dy* \·Tas 
dt 
plotted against x* yx 
X y 
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6. Norepinephrine Turnover 
Radioactive 3H-tyrosine was dissolved in 50% ethanol. 
The solution was freeze dried and the residue was dissolved 
in saline so that an injection of 1 ml represented 0.8 me/kg 
of 1-tyrosine. At selected times after the injection, mice 
were decapitated and the blood was collected in beakers con-
taining heparin. The brains were removed as described above. 
The specific activity of tyrosine and NE were determined by 
a modified procedure described by Costa (1971) • The plasma 
or brain samples were homogenized as above in volumes of 
0.4N perchloric acid containing 0.05 g sodium metabisulfite. 
After centrifuging at 200 RPM for 10 min, 4.7 ml of superna-
tant was added to 0.3 ml of 10 M potassium acetate. After 
a second centrifugation, 4 ml of the clear supernatant were 
placed on a Dowex .50 - x4 200 to 400 mesh column (25 mm x 
26 mm2) . Tyrosine is found in the sample effluent and in 
the effluent after the addition of 4 ml of 0.1 M sodium ace-
tate buffer pH 4.5 containing 0.1% disodium edetate. The 
combined effluents were designated as Fraction A. NE was 
eluted using 15 ml of 0.4 N HCl and designated fraction B. 
Fraction A, containing tyrosine1 was brought to pH 83 by 
adding 0.75 ml. of 3M tromethamine. Alumina (Woelm, neu-
tral, grade 1~ about 500 mg 1 washed with 5 ml of 0.1 M di-
sodium edetate prior to use was added to the above solution. 
The samples were shaken for 10 minutes as above and then cen-
trifuged at 2000 RPM as above. The supernatant was titrated 
to pH 1.5 and 7 ml were placed on a Dowex 50 X4 200-400 mesh 
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column. Tyrosine was eluted by adding 7 rnl of 0.1 M tri-
basic sodium phosphate. Stable tyrosine was assayed by 
forming a fluorophor with 1-nitro-2 napthol. An aliquot of 
the final solution was added to a Triton X-100 solution 
containing 1 liter Triton X-100, 2 liters toluene, and 23 
g 2, 5-diphenyloxozol and the mixture was counted in a 
Beckman (LS 250) liquid scintillation counter. 
The general equation used for measuring the change of 
specific activity of the monoamines over time is as follows: 
dM 
dt = 
K 
m 
(AA-M) 
where M is the specific activity of monoamine, &~ the speci-
fie activity of the amino acid and Km the rate constant of 
the monoamine pool. To estimate the synthesis rate of the 
monoamines, the amino acid and monoamines were rr,easured at 
1, 2, 4 and 8 hr after and tailvein injection. Then the 
average AA and M values were plotted on seni-logarithuic 
graph paper and a best fit line was drawn connecting the 
points. The graph was divided into consecutive 20-minute 
intervals and Km calculated for each interval. The synthe-
sis rate of NE was determined by multiplying Km by the 
steady-state concentration of the amine. 
G. STATISTICAL ANALYSIS 
At-test (two-tail) for independent means (Hill, 1961) 
was used to determine significant differences between con-
tral and experimental groups with regard to neurotransmitter 
concentration and turnover, locomotor activity aud number of 
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fights in the aggression test (Cha?ter V) . The same t-test 
but one-tailed, was used to analyze the date in the drug 
study (Chapter IV). A Chi-square (Senter, 1969) was em-
ployed in the aggression study (Chapter I) with regard to 
the latency (sec) to fight. A two way analysis of variance 
(ANOVA) (Winer, 1962) was used to analyze the avoidance 
data (Chapters III-VII) . A regression analysis was per-
for~ed on the data with regard to the synthesis rate of 
ACh and NE to determine validity of the best fit line. 
CHAPTER III 
CHANGES IN CENTRAL TRANSMITTER LEVELS A:m 
TURNOVER ASSOCIATED WITH STRESS 
A. INTRODUCTION 
A considerable amount of research has centered on the 
physiological and psychological effects of stress. One of 
the problems surrounding this area of research in n~~als 
derives from the lack of a generally accepted de=inition of 
the stress response. At the present time it is not possible 
to define stress in terms of a single response or set of 
responses; nor is there a common set of variables •·1hich change 
consistently as a result of subjecting an individual to 
stressful stimuli. On the other hand similar autononic and 
endocrine responses, for example, increased hea~t rate, in-
creased blood pressure, and elevated levels of circulating 
corticosteroids, are seen following some stressors, such as 
exercise, fighting and pain. These three responses, thus, 
have been considered as indicators of "stress". 
The studies by Cannon (1935) and Selye (1935), which 
describe in detail certain physiological changes which occur 
in response to noxious stimuli and tissue da~age, opened the 
door to studies of the way in which an organisn "copes" with 
a particular stressor. Adaption and maintenance of homeo-
stasis by an organism is the basis for much of this work, 
particularly that concerned with the effects of stress on 
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neurotransmitter metabolism and steroid interaction. The 
objective of these latter studies was to elucidate the role 
of distinct central systems in mediating physiological and 
behavioral ("coping") responses to stress. 
Studies of the effects of stress induced by different 
conditions or stimuli on norepinephrine (NE) and 5-hydroxy-
tryptamine (5-HT) levels and turnover in the central nervous 
system have produced inconsistant results. An increase in 
brain 5-HT following different types of stress has been ob-
served by several investigators. For example, an increase 
in brain 5-HT level was found by Ladisich (1974 , 1975) and 
Curzon (1974) after foot shock stress in rats. Immobiliza-
tion stress also has been reported to increase brain 5-HT 
concentrations (Heide and Peters, 1970). Morgan et al. 
(1972), furthermor~ reported a small but significant increase 
in brain 5-HT after food deprivation. Cold and heat stress 
also has been reported by some authors to increase 5-HT brain 
level (Dixit and Buckley, 1969~ Menon and Dandiga, 1969; 
Francesconi and Mager, 1974. 
Other workers, however, have reported exactly opposite 
results following the exposure of animals to stress. For 
example, Salama and Goldberg (1969) found a reduction in 
brain 5-HT after foot shock stress. A decrease inmidbrain 5-HT 
turnover was reported by Brown et al. (1974) after hypoxia 
stress. Curzon (1971, 1972) reported a decrease inwhole brain 
5-HT level after immobilization stress 1 while he (1971) also 
reported a decrease in 5-HT whole brain concentration after both 
heat and cold exposure. Therefore, Curzon found an increase 
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or decrease in brain 5-HT de~ending on the nature of the 
stressful stimuli. Excercise was shown by Anakhina (1973) 
to decrease brain level of 5-HT. Radulovacki (1976) de~on-
strated that paradoxical sleep deprivation resulted in a 
decrease in brain 5-HT and cerebrospinal fluid (CSF) 
5-hydroxyindole acetic acid (5-HIAA) concentrations. 
As might be expected from the above discussion 5-HT turn-
over rate has been found by many investigators to increase 
during and follm·Jing stress. For example, several Harkers 
(Bliss e-t:_ al., 1968; !-iodigh, 1974; Curzon, 1974) have re-
ported increases in 5-HT turnover after foot shock stress. 
Curzon (1974) and Bliss et al. (1972) showed t~at immobili-
zation stress increased 5-HT turnover in rat brain. Stress 
associated with fighting and isolation has been reported to 
increase (Welch and Welch, 1970) and decrease (Eleftheriou 
and Church, 1968) 5-HT turnover, respectively. Modigh (1974), 
Radulovacki (1973) and Horgan et al. (1976) reported that 
rapid eye movement (R.E.M.) sleep deprivation caused an i~-
crease in 5-HT turnover. Crmvding vlas reported by Bliss 
and Ailion (1969) to result in an increase in 5-HT turnover. 
In contrast, isolation induced stress in their experience 
did not affect 5-HT turnover. 
Some investigators, on the other hand, have reported 
that stress does not affect brain 5-HT level or turnover. 
For example, Bliss et al. (1968, 1972) and Baldessarini 
(1972) found no change in 5-HT level after foot shock stress. 
Curzon (1973) found no change after immobilization stress. 
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Exercise was shown to have no effect on 5-HT levels (Salama 
and Goldberg, 1969; Goldberg and Salama, 1970). Stern et al. 
(1971) found no change in 5-BT level after prolonged periods 
of sleep deprivation. An unchanged 5-HT turnover was 
reported after i~~obilization and excercise by Corradi et al. 
(1971) and Goldberg and Salama (1970), respectively. 
The literature concerning changes in brain NE 
metabolism following stress also is extensive but in-
conclusive. A number of investigators have reported that 
foot shock stress decreased NE concentration in the brain 
(Barchas and Freedman, 1963; Moore and Lariviere, 1964; Salama 
and Goldberg, 1969; Par and Livingston, 1970; Heiss et al., 
1970); Fulginiti and Orsinger, 1971; Maynert and Levi, 1971; 
Baldessarini, 1972; Bliss et al., 1972; Thierry, 1972; and 
Shaliapina, 1973). 
Immobilization stress also has been reported to decrease 
NE concentration(Corrodi, 1968; Par and Livingston, 1970; 
and Loginova, 1973) Heat or cold stress (Salama and Goldberg, 
1969; Legrand e~ al., 1971; Bro':m and Van Huss, 1973; Eichel-
man and Thoa, 1973); crowding (Bliss and Ailion, 1969) swim-
ming stress (Stone, 1970; Stalk et al., 1974); Pogodaev et 
al., 1970), and hypoxia(Debyadji eta~., 1965; Perovic et al., 
1959) also have been reported to decrease NS concentration. 
NE turnover was found to he increased after foot shock 
stress(Bliss e~ 91., 1968; Fulginiti and Orsingher, 1971; 
Huttunen , 1971; Baldessarini, 1972; Glm1inski et al., 1972~ 
Thierry, 1972; Stalk ~t al~, 1974)1 after HEI·! sleep depriva-
tion(tc1ark et:_ al., 1969), after fighting(Stolk et al., 1974; 
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stolk et al., 1974b) after cold and heat stress ( S irnr<1ond s, 
1971; Clarke and Sampath, 1976) after immobilization(?uxe 
et al., 1970) and after swirruning(Stone, 1970). 
However, in spite of the documentation of a decrease in 
NE level and an increase in NE turnover, other investigators 
have observed that stress increases NE level. For exru~ple, 
NE level has been reported to increase after foot shock stress 
(Welch and \Velch, 1970), after immobilization (Par and 
Livingston, 1970), after heat or cold (Menon and Dandiga, 
1969; Kohashi and Oka, 1973), and after fighting (Par and 
Livingston, 1970). 
A decrease in NE turnover was found after hypoxia by 
Brown et al. (1974). Isolation resulted in a decrease in 
NE turnover according to Modigh (1974) . 
On the other hand, some authors have found no change in 
NE level or turnover after stress. For example, no change 
in NE level was found after foot shock stress by Fulginiti 
and Orsigher (1971) , after heat or cold exposure (Gibson 
et al., 1969), after exercise (Goldberg and Salama, 1970), 
or after R.E.M. sleep deprivation (Radulovacki, 1973; Stern 
et al., 1971) • No change in NE turnover was reported after 
cold, fighting and exercise (Gibson et al., 1969; Stolke, 
et al., 1974; Goldberg and Salama, 1970. 
Several studies have focussed on the relationship beb·1een 
monoamine synthesis and adrenocorti. cotrOPhic hormor1e (ACTH) 
secretion after exposure of animals to a stressful situation. 
Hedge et a~. (1976) exposed rats to ether, formalin or cold 
stress, but found increases in the rate of 3H-NE and 3H-DA 
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accumulation after 3H-tyrosine only after ether stress. How-
ever, all three stressors increased ACTH secretion as indi-
cated by plasma corticosterone levels. Dexamethasone treat-
ment blocked the stress induced ACTH secretion, but had no 
on basal or stress induced rates of a~ine synthesis. The 
authors concluded that cate~~o~mines participated in media-
ting ether stress induced ACTH secretion. 
Hunger and stimulation of the lateral hypothalamic area 
'ldere the "stressors" used by Torda (1976). He found large 
increases in the NE content of the hypothalamus in rats. 
Recent studies have shmvn increases in brain NE level 
after drum stress (Goldberg and Salama, 1970), formalin 
injection (Carr and Moore, 1968), and noise stress (Iloore 
and Lariviere, 1964). 
Many of the observed changes in NE levelwere small. For 
example, Reid et al. (1968) found a 5% decrease in NE con-
tent in the whole brain of the rat after heat stress, while 
Ordy et al. (1966) found a 55% decrease in NE content after 
foot shock stress in the monkey; the amount of change was 
quite variable and seerredto depend on the type and severity 
of stress and the species used. There also is a difference 
with regard to the effects of stress given over a period of 
time. The variation in the biological response to the 
quantity of stress has not been studied as extensively as 
responses to acute stress. Electrolytic lesions destroying 
the locus coeruleus unilaterally immediately prior to foot 
shock in rats results in a prevention of the stress induced 
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reduction of NE in the cerebral cortex ipsilateral to the 
lesion, but not on the contralateral side (Korf et al., 1973). 
Al~o, a vareity of psychoactive drugs prevent the reduction 
of NE in foot shock stressed (Kidbrink et al., 1972). 
The effects of stress on central acetylcholine (ACh) 
and gamma amino-butyric acid metabolism have not been studied 
extensively. Sagales and Domino (1973) found no change in 
ACh concentration after R.E.M. sleep deprivation. Zajaczkow-
zka (1975) found variable changes in ACh content in rat brain 
during foot shock stress and post-stress exhaustion. Pogo-
daev (1969) also found variable changes in ACh in distinct 
brain parts after exercise. Naik (1970) reported that fast-
ing increased ACh and decreased acetylcholinesterase (AChE) 
activity. He also showed t~at stress of centrifugation 
decreased ACh content and increased AChE activit::/· Menon 
{1969) showed that heat stress produced a decreased ACh 
content. 
Literature on the effects of stress on GABA also is 
quite scarce. Recently Seminginousky (1977) demonstrated 
an increase in cerebral GABA content during i~mobilization 
stress. In contrast Faiman et al. (1977) reported a de-
crease in GABA concentration during hyperbaric oxygenation. 
Central tyrosine hydroxlase activity, mono~~ine oxidase 
activity, and tryptophan hydroxylase activity have been 
studied after stressful situations. (Palkovits et al., 
1975; Kvetnansky et al., 1975; Pfeifer, 1974). The activity 
of these enzymes were reported to vary with respect to the 
brain part studied. 
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In brief, monoamine oxidase activity 
increased, tyrosine hydroxylase activity decreased, and 
tryptophan hydroylase activity increased. These studies 
clearly suggest an involvement of central NE, 5-HT, ACh 
and GABA systems in the response to stress. The question 
remains, however, as to the nature, direction and importance 
of the roles of these distinct systems. 
An overall picture of the central neural response to 
stress obviously is not clear. The changes in transmitter 
concentration and turnover vary, and there certainly is an 
interaction between the levels of circulating corticosterone 
and sex hormones, transmitter levels or metabolism. For 
example, foot shock decreases testosterone level (Bliss et al, 
1968) and increases progesterone level (Ladisich, 1975). 
Hydrocortisone and norethynodrel both will decrease brain 
5-HT level (Curzon, 1971, 1972). 
Allucci (1977) found that ether stress caused a signifi-
cant decrease in the concentration of hypothalamic NE, but 
had no effect on catecholamine concentrations in other regions. 
Pretreatment ,..;ith betamethasone prevented the decrease in 
hypothalamic NE which was seen after ether stress. Beta-
methasone alone had no effect on midbrain NE, but pretreat-
ment with betamethasone followed by ether stress increased 
midbrain NE. 
Factors other than the adrenal-pituitary hypothalamic 
axis may be playing a role in stress as demonstrated by the 
experiemnts of Brown and Van Huss (1973). They found that 
when animals were forced to exercise they showed changes 
in NE and 5-HT centrally, while animals trained to exercise 
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for a reward failed to show such changes, eventhough the 
experimental conditions were similar. 
It is clear from the above that there is an absence of 
agreement as to the concomitant or determinant changes in 
central monoamine levels or turnover during stress. So~e 
possible explanations for the inconsistant results found in 
the literature include the use of different stressors, and 
the use of only one species, genera or strairnof animal. 
These variables are emphasized in Table I. With the object 
of clarifying the inconsistencies in the field, the research 
described below focuses on the changes in concentration and/ 
or turnover rate of four central neurotransmitters using 
four different stress inducing paradigms and two strains of 
mice and quantification of the foot shock stress. These 
experiments also focus on a range of behavioral parameters, 
including avoidance conditioning,. 
B. EXPERIMENTAL DESIGN 
1. Effect of Foot Shock Stress on \'!hole Brain l'~E, 5-HT, 
AC~ and GABA Level. 
Fifty- six groups (n=5/group) of male CF-1 mice were 
used. The experimental groups {n=28) received o, 10, 20, 
30, 40, 50 or 60 shocks immediately prior to sacrifice. The 
control groups (n=28) were placed in the LVE shock chamber 
(P·l4 ) then removed (without receiving any shocks) 0, 10, 
20, 30, 40, 50 or 60 min later. Thus, the effects of in-
creasing numbers of foot shocks on \vhole brain levels of NE, 
TABLE I 
STRESS AND NEUROTRANSMITTERS: SU~~RY OF THE LITERATURE 
TYPE STRESS SPECIES 
Foot shock Rat 
Rat 
Rat 
Rat 
Mouse 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Rat 
Mouse 
Immobilization Rat 
Rabbit 
Rat 
Rat 
NOREPINEPHRINE 
CONCENTRATION TURNOVER 
+ 
0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+: Increase; -:Decrease; 0: No Change. 
(A) 
REFERENCE 
Par and Livingston (1970) 
Thierry- (1972) 
Salama and Goldberg (1969) 
Glownski et al. (1972) 
Baldessarini--(1972) 
Moore (1964) 
Barchas and Freedman (1963) 
Maynert and Levy (1971) 
Weiss et al. (1970) 
Fulginiti-and Orsinger (1971) 
Glowinski et al~ (1972) 
Baldessarini TI972) 
Huttenen (1971) 
Stolk (1975) 
Curzon (1974) 
Fulginiti and Orsinger (1971) 
Welch and Welch (1970) 
Par and Livingston (1970) 
Logniva (1973) 
Corrodi (1968) 
Fuxe et al. (1970) 
TABLE I (Continued) 
TYPE STRESS SPECIES 
REM Sleep Deprivation Rat 
Cat 
Rat 
Heat Rat 
Rat 
Rat 
Cold Rat 
Rat 
Mouse 
Rat 
Rabbit 
Rat 
Exercise Rat 
Rat 
Isolation Rat 
Rat 
Fighting Rat 
Hypoxia Rat 
Rat 
Aggregation Rat 
Swimming Rat 
Rat 
Rat 
NOREPINEPHRINE 
CONCENTRATION TURNOVER 
0 
0 
0 
+ 
+ 
0 
(D) 
+ 
0 
+ 
0 
+ 
0 
+ 
REFERENCE 
Mark et al. (1969) 
Radulovacki (1973) 
Stern (1971) 
Gibson et al. (1973) 
Menon and Dandiga (1969) 
Legrand et al. (1969) 
Salama and Goldberg (1968) 
Brown and Van Huss (1977) 
Eichelman (1973) 
Gibson (1969) 
Clark and Sampath (1976) 
Kohashi and Oka (1973) 
Goldberg and Salama (1970) 
Goldberg and Salama (1970) 
Modigh (1974) 
Stalk et al. (1974) 
Stalk et al. (1974) 
Brown et a1. (1974) 
Perovicetal. (1969) 
D1iss and-Ai1ion (1969) 
Stone (1970) 
Stalk et a1. (1974) 
Stone (1970) 
TABLE I (Continued) 
STRESS AND NEUROTRANSMITTERS: SUMMARY OF THE LITERATURE 
5-HYDROXYTRYPTAMINE 
TYPE STRESS SPECIES CONCENTRATION TURNOVER REFERENCE 
Foot Shock Rat + Ladisch (1974;1975) 
Rat + Curzon (1974) 
Rat Salama and Goldberg (1969) 
Rat + Bliss et al. (1968) 
Rat + Modigh -(19'74) 
Rat + Curzon (1974) 
Rat 0 Bliss et al. (1968;1972) 
Mouse 0 Baldessarilli (1974) 
Immobilization Rat Curzon (1971; 1972) 
Rat + Heide and Peters (1970) 
Rat + Morgan et al. (1973) 
Rat + Bliss (1972) 
REM Sleep Deprivation Rat + Modigh (1974) 
Mouse + Radulovacki (1976) 
Mouse Radulovacki (1976) 
Rat 0 Stern et al (1971) 
Cat 0 Radulovacki (1973) 
Heat Rat Curzon (1971) 
Guinea Pig + Francesconi and Maher (1974) 
Cold Rat 0 Gibson (1969) 
Mouse + Dixit and Buckley (1969) 
(c) 
TYPE STRESS 
Exercise 
Isolation 
Fighting 
Hypoxia 
Aggregation 
Food Deprivation 
TABLE I (Cont:inued) 
5-HYDROXY'l'RYPTAMINE 
SPECIES CONCENTRATION TURNOVER 
Rat 
Rat 0 
Rat 0 
Rat 0 
Mouse + 
Rat 0 
Rat 
Rat + 
Rat + 
(D) 
REFERENCE 
Anakhina (1973) 
Goldberg and Salama (1970) 
Goldberg and Salama (1970) 
Salama and Goldberg (1969) 
Welch and Welch (1970) 
Stolk et al. (1974) 
Brown et al. (1974) 
Bliss and~ilion (1969) 
Curzon et al (1972) 
--
TABLE I (Continued) 
STRESS AND NEUROTRANSMITTERS: SUMMARY OF THE LITERATURE 
TYPE STRESS 
Foot Shock 
Food Deprivation 
Heat 
Exercise 
REM Sleep Deprivation 
TYPE STRESS 
Heat 
Hyperbaric Oxygen 
SPECIES 
Mouse 
Rat 
Rat 
Rat 
Rat 
Mouse 
SPECIES 
Rat 
Mice 
ACETYLCHOLINE 
CONCENTRATION TURNOVER 
+ 
+ 
+ 
+ 
0 
GAMMA-AMINO-BUTYRIC ACID 
CONCENTRATION TURNOVER 
+ 
(E) 
REFERENCE 
Sobotka (1969) 
Zajoczkowska (1969) 
Naik (1970) 
Menon (1969) 
Pogodaev et al. (1969) 
Sagale ana-Domina (1972) 
REFERENCE 
Semiginovsky (1977) 
Faiman (1977) 
.t:. 
OJ 
5-HT, Ach and GADA were obtained by comparing each experi-
mental group to its appropriate control. 
2. Time Course of the Effects of Foot Shock Stress 
on Whole Brain NE and 5-HT Levels. 
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Male CF-1 mice (n=l20) ~ere used to determine the time 
course of the changes in ME and 5-HT content seen in the 
first experiment. The stressed mice (n=60) received 60 
foot shocks (1/min) in the LVE chambers. The control grou?s 
(n=l5/group) spent 60 min in the shock chamber but 1;,-;ere not 
shocked. Whole brain levels of NE and 5-HT were determined 
immediately and 1, 4 and 8 hr after the removal of the ani-
mals from the shock chambers. 
3. Effect of Foot Shock on NE Concentrations in Brain 
Parts, on Whole Brain NE and Ach Turnover Rate, 
and on Whole Brain 5-HIAA Level. 
a. Brain Parts 
Male CF-1 mice (n=200) were used. The stressed mice 
received a total of 60 shocks in the LVE chambers. The 
control mice also spent 60 min in the shock chamber but 
were not shocked. Immediately follmving the 60th shock 
(or 60 min session) the mice were sacrificed and NE levels 
measured in 4 distinct brain regions: 1) telencephalon; 
2) di-and mesencephalon; 3) cerebellum; and, 4) pons 
plus medulla. The dissection procedure is described in 
Chapter II (p.l5). 
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b. Whole Brain ACh and NE Turnover Rate 
Male CF-1 mice were used to determine the turnover 
rates of ACh (n=SO) and NE (n=50) . The experimantal animals 
for each study (n=25) received a total of 60 shocks. Con-
trol mice (n=25) for each determination were placed in the 
shock chambers for 60 min but no shock was given. 
Immediately following the 60th shock (or 60 min session) 
the mice were injected with 3n-choline or 3H-tyrosine and/or 
saline and whole brain ACh and NE turnover rates. The animals 
were after injection sacrificed at various times. 
c. 5-BIAA Level in ~hole Brain 
Hale CF-1 mice (n=SO) were used to determine the 5-HI.AA 
level in whole brain. The stressed mice (n=25) received a 
total of 60 shocks in the LVE chambers, \vhile the control 
animals (n=25) spent 60 min in the chambers but were not 
shocked. Immediately following the 60th shock (or 60 rrtin 
session) the mice were sacrificed and the 5-HIAA level 
determined (P·29 ) . 
C. RESULTS 
In CF-1 mice, significant changes occurred in the 
levels of all four neurotransmitters; these changes 
depended on the number of foot shocks ( 30-6 0) administered 
(Fi~ 3-6) . It is important to note (Fig. 3-6) that the con-
trol groups (n=7/neurotransmitter studied) did not show 
variations as a function of the amount of time spent (l-60 
min) in LVE chamber. 
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~~hole brain NE level (Fig. 3) was decrease-::1 . . -. s:...~~=-=='--
cantly following the administration of 30-60, b~t ~o~ 20 or 
less, shocks. Concomitantly, 5-HT level was elevate1 sig-
nificantly (Fig 4). Likewise, ACh (Fig, 5) and GA3.P. (Fie;. 6) 
levels were higher. However, these small increases reached 
statistical significance for ACh only after 30 or 60 s~ocks, 
and for GABA only after 50 foot shocks. 
Figure 7 represents the values for whole brain levels 
of NE and 5-HT immediately, 1, 4, and 8 hr after SO foot 
shocks. As can be seen, the levels of NE and 5-~T returned 
to normal (pre-shock) levels by the fourth post-stress hour. 
The levels were still significantly changed (? <0.05) l hr 
after shock. These results indicate the reversibility of 
the effect of stress on monoamine levels. 
The effects of stress on NE level in brain parts, XE 
and ACh turnover rates in whole brain, and 5-5IA._::'\ level i:r1 
whole brain are su~uarized in Table II. A sig~i£icant de-
crease in NE was seen only in the di-mesencephalon (p~O.OS). 
The whole brain turnover rate of ACh \vas significantly de-
creased (p<0.02), while NE turnover was significantly in-
creased (p(0.05) following stress. Surprisingly, foot 
shock stress did not significantly affect 5-HIA..Z\ le\rel. 
This latter finding may be due to the large degree o£ vari-
ance obtained. 
D. DISCUSSION 
The results indicate thatlong duration (30-60) but not short 
duration (20 shocks) strPss significantly affects cer.tral neuro 
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Figure 3. Effect of consecutive foot shocks on whole brain 
norepinephrine (NE) level. Significant differ-
ence from control appeared after 30 shocks. NE 
values were corrected for 100% recovery. Prob-
abilities based on Student's t-test for indep-
endent means. Shocked mice were compared with 
appropriate control animals. Each value (± stand-
ard error of the mean, SEM) represents 10 mice. 
*: p(O.OS; **: p(O.Ol. 
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Figure 4. Effect of consecutive foot shocks on Hhole brain 
5-hydroxytryptamine (5-HT) level. Significant 
differences from control appeared after 30 shocks. 
*: p(0.05; **: p(O.Ol. See Fig. 3 for additional 
details. 
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Figure 8. Time course for the normalization of whole brain 
5-hydroxytryptamine (5-HT) level after cessation 
of foot shock stress. The significant increase 
in 5-HT produced by stress also was o~served 
1 hr. after termination of foot shock. Four and 
eight hours after termination of shock,the experi-
mental and control groups did not dif=er signifi-
cantly. *:p(0.05. See Fig. 7 for additional 
details. 
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TABLE II. Effect of stress on norepinephrine (NE) levels 
in three brain parts, acetylcholine (ACh) and 
NE turnover rate (T.R.) in whole brain, and 
5-hydroxyindole acetic acid (5-HIAA) level in 
whole brain. A t-test revealed that a signi-
ficant (p(O.OS) decrease in NE occurred in the 
roes-diencephalon (MD), but not in the telence-
phalon (T), cerebellum (Cere) or pons-medulla 
(PM). Twenty five brain parts were used for 
each determination. Whole brain ACh turnover 
was significantly (p(0.02) decreased, while 
NE turnover was significantly (p(0.02) in-
creased. Each value (+ SEM) represents 25 
mice. Shock stress did not significantly 
change whole brain 5-HIAA level. The data 
for NE concentration in brain parts and 
5-HIAP" content in \vhole brain are presented 
as nanogram per gram (ng/g) wet brain weight. 
The values are corrected for 100% recovery. 
The data for NE T.R. are presented in nano-
grams per gram per hour (ng/g/hr), while the 
ACh T.R. is presented in nanomoles per gram 
per hour (nM/g/hr). Table on following page. 
Table II 
EFFECT OF STRESS ON NE LEVEL IN BRAIN PAR'rS, l\CH AND NE 'l'URNOVEH RATE IN WHOLE BRAIN; 
AND 5HIAA LEVEL JN WHOLE BRAIN 
lCh 'l'.R. ±SEH NE T. R. ±SI-:~1 
(nM/q/hd (nq/q/hr) 
NE (ng/g) ± SEM (Brain Parts) 
----
whole brain 
T MD Cere PH 
boNTROL 102 ± ::1 452 ± 31 98 ± 21 261 ± 62 21.22 ± 2.90 213 ± 16 
~------------~--------~--------~-----------------~ 
* 
I ** ** 
437 ± 34 r:()'!' SH()_QZ ______ , __ l 0_8_±_1_6 _ _. __ 3_l_0_±_2_6 _ _L_l_l ~--±_1_8_ ?~~~--l_G_._n_6_±_L n 
--··· ---;---------------
I 
-
CON'rROL 321 
FOOT SHOCK 386 
5-HIAA (ng/g) ± SEM (whole brain) 
± 98 
± 44 
Details on preceding page. Ul 
'"' 
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transmitter metabolism, suggesting that these systems play 
an important role in an organism's "coping" response. \\Thole 
brain NE level decreased significantly. (Fig. 3). 
These effects appear to be due to changes in NE metabolism 
principally in di-and mesencephalon (Tableii). A concomi-
tant elevation in whole brain 5-HT level also was observed 
(Fig. 4). Although 5-HIAA level (Table II) was not signifi-
cantly changed, possibly because of the variance obtained, 
the stressed group did evidence a 20% increase in brain 5-HIA 
content. Likewise, brain ACh and GABA levels showed small 
but consistant increases (Fig. Sand 6) Hhile ACh turnover 
(Table II) was reduced (20%). Thus, severe stress appears 
to increase central NE and 5-ET turnover, to decrease ACh 
turnover, and have only a small effect on GABA concentra-
tion. These changes, furthermore, appear to be temporary, 
as NE and 5-HT brain concentrations return to normal 4 hr 
; 
but not l hr post-stress (Fig. 7 and 8) . 
The decrease in NE level after foot shock stress (30 
+ shocks), in general, is in agreement with several other 
studies concerning the effect of similar types of stress on 
brain NE concentration. In general, NE in most brain re-
gions studied decreases with acute stress, but shows no 
change or an increase if the same stress is repeated or 
given chronically (Huttunen, 1971; Nielson and Fleming, 
1977; Welch and Welc~, 1965~ and;Weiss et al., 1970). 
According to Stone (1975), the changes in amine content, at 
least the reduction in NE level during acute stress, are 
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most likely the result of increased NE turnover. It ~as 
been shown that barbiturates (Maynert and Levi, 1964; Lid-
brink et al., 1972), benzodiazepines (Taylor and ~2.'lerty, 
1969), and meprobamate (Lidbrink et al., 1972 ) ?revent 
the reduction in brain NE associated with foot s~ock stress 
in rats. Hmvever, Welch and Helch (1970) consist ntlv ha'\'e 
found increases in NE after stress, and argue t~at stress 
increases neuronal activity since increased svnt~esis is 
usually consideredto be secondary to increased release of 
I!IJeiner (1970) suggested a short term regulation of :\'E by 
a negative feedback mechanism in which increased ~E utiliza-
tion depletes a small intraneuronal pool. Pres1_;_~ably, it is 
the function of this pool to inhibit tyrosine hydroxylase. 
Thus, under stressful conditions, when NE is be~~g 
released, tyrosine hydroxylase is disinhibited. Welc~ 
and Welch (1970) suggested that JlflAO may be inhibited durin0' 
stress. Kobayashi (1975) found that tyrosine hydroxylase 
activity was increased selectively in the arcuate nucleus, 
but not in the median eminence, during stress. Tyrosine 
hydoxylase activity has been reported unchanged in '.vhole brain 
(Gibson et al., 1969) and in the hypothalamus (Stone, 1973) 
after stress. The finding that exposure to cold stress 
increased tyrosine hydroxylase activity in the nedulla 
oblongata, but not in the hypothalamus, was internreted as 
reflecting an increased CA synthesis in the brain stem but 
not in the hypothalamus. Newly synthesized NE appears to be 
preferentially used in the brain stem of rats stressed by 
foot shock (Thierry et al., 1970). 
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Palkovits et al. (1975, 1976) found that 5-HT concen-
tration and tryptophan hydroxvlase activit'! were elevated in 
the dorsal rap~l.e nucleus after immobilization strP.ss. Stress 
did not alter enzyme activity in any ot~er brain region 
studied by Palkovits et al. (1975), Vermes et al. (1973) 
used cold, restraint, formalin and ether as stressors. Only 
ether stress caused an increase in 5-HT concentration up to 
30 min post-stress, then a decrease (up to 2 hr post-stress). 
Plasma corticosteroids showed the opposite effect~ namely a de-
crease followed by a rapid increase which was inversely 
proportional to the 5-HT content of the hypothalamus. 
Telegdy (1975) demonstrated that 5-HT content after foot 
shock increased in the hypothalamus 30 min after shock and 
in the mesencephalon 60 min post-shock. The 5-HIAA content 
increased in parallel with the elevated 5-gT content. 
Since the increase in 5-HT was preceded by an increased plasma 
corticosterone level, it was suggested that the restoration 
of 5-HT in brain was in part due to an effect of plasma cor-
ticosterone. It has been reported that increased corticos-
terone levels are correlated with an increase in 5-HT level 
in the hypothalamus (Telegdy, 1974). 
Results of the present study could be explained in 
terms of a number of mechanisms. For instance, increases 
in 5-HT may be due to an inhibition of N1"\0. On the other 
hand, HAO inhibition also v!Ould increase the level of NE, 
probably in all brain regions. However, if tyrosine hydroxy-
last inhibition has preceded MAO inhibition, as postulated 
by Leblanc (1976), a decrease in NE level and an increase in 
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5-HT levels would be expected. There is evidence that a 
decrease or increase in cholinergic activity leads to a~ 
inhibition or activation of adrenergic neurons (Anden et al. 
1970; Bartholini and Pletscher, 1971; Hitzenman et al. 1972). 
--
It seems likely that striatal DA and cholinergic neurons are 
functionally interconnected and mutually regulating (Lloyd 
et al. 1973). Along these some lines, evidence has been 
provided for nigrostriatal projections originating from the 
large cells of pars compacta of substantia nigra. In 
addition, fibers from striatum have been shown to project 
to substantia nigra terminating mainly in pars reticulata 
(Fonnum et al, 1974). Dopaminergic innervation originating 
from substantia nigra impinges on numerous cholinergic 
neurons intrinsic to striatum (Butcher and Butcher, 1974). 
Available evidence suggests that in vivo the rate of 
dopamine release inhibits the effects and the turnover 
rate of ACh {Anden, 1971). An important control in the 
activity of DA cell bodies is the feedback loop of GABAergic 
neurons described hy McGeer et al., 1975. GABA participates 
at two levels in the biochemical operation of striatum: it 
is released by small interneurons for local control of 
excitability and it carries messages initiated in striatum 
to globus pa1lidus (McGeer et al., 1975) and substantia 
nigra (Fonnum et al., 1974). 
Our observation that GABA concentration was increased 
as a result of stress was, as with ACh, a novel finding. 
However, this increase in GABA level reached statistical 
significance only in the group of mice which received 50 
shocks. Interestingly, a dopaminergic-cholinergic-GABA-
ergic loop has been posited in the feedback control of 
mesencephalic DA neurons (Roberts, 1976). 
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The functional significance of the stress induced changes 
in neurotransmitter metabolism observed in the present study 
is not clear. The following question was therefore asked: 
what would happen if our stressed animals had some control 
over the stressor? Would the neurotransmitters change under 
conditions in which the animals had the opportunity to 
escape the stressful situation or stimulus? Having ascer-
tained that NE, 5-HT and ACh levels or turnover in the 
brain change during stress, experiments were designed to 
demonstrate what, if any, functional or behavioral signi-
ficance such neurochemical changes have. 
CHAPTER I''ll 
LEARNING AND NEUROCHEMICAL VARIABLES 
A. INTRODUCTION 
The effect of learning on brain NE, 5-HT, and ACh 
metabolism has been studied by many investigators who used 
a number of behavioral and biochemical paradigms. 
Results have been somewhat contradictory and incon-
clusive. The issue of separating the effects of nonlearned 
variables, such as motivation and motor ability from learning 
factors, such as retention, retrieval and consolidation, is 
always present. The dissection of these variables always 
must be considered in any study on learning (Wright, 1974). 
The bulk of the literature on neurotransmitters and 
learning has employed the empirical approach of using the 
level or turnover of the transmitter under study as the 
independent variable, manipulating it,then looking for sub-
sequent changes in behavior. This approach will be dis-
cussed below in Chapter VI (P·SG). A second approach invol-
ves using the organism as an independent variable, manipula-
ting it, then measuring subsequent changes in transmitter 
level and turnover. 
A study by Fuxe and Hanson (1967) demonstrated that 
avoidance behavior, but not the stress of foot shock, caused 
an increase in brain NE turnover as measured by an increase 
1n the number and intensity of fluoresinq NE cell bodies and 
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terminals throughout the brain. Other studies reported 
similar results. Fulginiti and Orsingher (1971) demonstra-
ted a 24-143% increase in 3H-NE specific activity in the 
hypothalamus after avoidance training. There was no effect 
of avoidance conditioning on 5-HT levels in either the hypo-
thalamus or cerebral cortex. Weiss et al., (1970), 
found that animals permitted to escape shock showed an in-
crease in brain NE level. 
Enhanced NE synthesis after positively reinforced be-
havior was suggested by the work of Lewy and Seiden (1972). 
They reported a 25% increase in the specific activity of 
3H-NE in the brainstem and diencephalon after bar-pressing 
for water. There was no effect of water deprivation on re-
gional brain NE concentration. Yuwiler and Olds (1973) de-
monstrated that rats which lever pressed for rewarding hy-
pothalamic stimulation showed a decrease in the level of 
hypothalamic NE and whole brain DA after a 20 min test ses-
sian. Animals which were given brain stimulation by the ex-
perimenter did not show such changes in catecholarr.ine con-
centrations. These results suggest that the emission of a 
learned response is associated with an increase in central 
NE turnover. 
Results of these various studies are difficult to interpret 
since, as mentioned above, factors other than learning could 
modify or interfere with the effects of a conditioned re-
sponse on neurotransmitter level or turnover. For instance, 
motor activity may have been enhanced and the changes in NE 
may have been due, therefor~ to an increase in muscular ac-
tivity. 
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The effects of a conditioned res9onse on brain 5-HT anci 
ACh levels and turnover have been studied by a few investi-
gators (Karczmar, 1977). Matthies et al., (1974) looked for 
changes in the ACh content of different brain regions of the 
rat during a learning experiment. They found in the hi0~o-
carnpal region the free acetylcholine \·l<lS hig!1ly increased 
immediately after the training whereas the stable bound ACh 
and labile-bound fraction rose 70 min. and 4 hrs. respectively 
after completion of training. Only small alterations of the 
ACh fractions were observed in the visual and auditory cortices. 
In the corpus striatum no changes a9?eared. The concluded 
the changes observed in ACh content during and after training 
seem to be of great significance at the initial stages of 
memory formation. The hypothetical involvement of these 
neurotransmitters in learning has been derived from phar~a-
cological studies and behavioral studies (~arczmar, 1976). 
In the experiffients presented in Chapter III, changes in 
brain NE, 5-HT and ACh were found to occur after foot shock 
stress. The experiments reported below were designed to 
determine whether such changes would be seen in animals 
w~ich were given the opportunity to esca9e or avoid foot 
shock stress. 
B. EXPERIMENTAL DESIGN 
Effect of Acquisition of a Conditioned Avoidance 
Response (CAR) on NE, 5-HT, and ACh levels. 
F.8 
Whole brain NE, 5-HT and ACh levels v.'e:re deterr:1ined in 
five groups of CF-1 mice: 
Group 1: Control Group A (CG-A): 
These mice (n=60) were Placed in the starting base 
chamber (Al, Fig. 2) of the climbing screen, then sacrificed 
60 min later. 
Group 2: Control Group B (CG-B): 
These mice (n=60) were placed in the Lehigh Valley 
Electronics (LVE) stress chambers for 60 min then sacrificed. 
No shock was administered. 
Group 3: Shock Stressed Group A (SG-A): 
These mice (n=60) were exposed to a series of 50 
unavoidable 2 sec shocks (1/min) after place~ent in the 
climbing screen starting base chamber (Al, ?ig. 2). The 
mice were sacrificed immediately after the final shock. 
Group 4: Shock Stressed Group A (SG-B): 
These mice (n=60) were placed in the LVE chanbers and 
administered over a 50 min period a mean of 25 unavoidable 
shocks prior to sacrifice. The frequency and duration of 
these shocks were reduced systematically over the 50 min 
session. Thus, Group 4 received approxinately the same 
number and duration of shocks as the conditioned avoidance 
group (CAR} (group 5) see below. The frequency and duration 
of the shocks received by mice in this latter group (CAR 
group) decreased as the experiment progressed. Consequently, 
the pattern, number and duration of shocks were recorded 
during an avoidance session of group 5. 
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The mice in group 4 subsequently were given similar 
parameters of shock except that the mice of gruop 4 were 
not allowed to escape. This design allowed for the oossi-
bility that changes occuring in the stressed animals (Group 
3) were due to the fact that the SG-A mice received more 
shocks and were restricted in their movements by the small 
climbing screen base chamber as compared to the large LVE 
chamber. 
Group 5: Conditioned Avoidance Group (CAR): 
These mice (n=60) received 50 avoidance conditioning 
trials using the climbing screen a9paratus and procedure 
(Chapter II) . These mice were sacrificed immediately 
after training. 
C. RESULTS 
The animals in Group 5 (CAR) evidenced a prog~essive 
and significant decrease in the latency for leaving the 
base chambers. By the 25th trial these latencies averaged 
less than 5 sec, indicating acquisition of a conditioned 
avoidance response (CAR). Acquisition of the CAR, however, 
was not associated with any sig~ificant effects on whole 
brain levels of NE, 5-HT or ACh (Fig. 9) as compared to 
the control groups (1 and 2), which thewselves did not differ. 
There were significant differences, on the other hand, in 
the whole brain concentrations of these neurotransmitter 
substances in the stressed groups, which themselves did 
not differ, when compared with the other 3 groups (1,2, and 5). 
D. DISCUSSION 7() 
The results indicate that l) acquisition of a condi-
tioned avoidance response (CAR) does not affect whole brain 
NE, 5-HT or ACh concentrations, and 2) stress results in a 
decrease in whole brain NE level and an increase in central 
5-HT and ACh content, if the animals are not given an 
opportunity to escape or avoid the stressful stimuli. These 
findings are in agreement with those reported in Chapter III, 
but are in discordance with those of ot~er investigators who 
found changes in brain neurotransmitter levels subsequent 
to the acquisition of a CAR. 
Studies by Weiss et al. (1970, 1975) are relevant. They 
performed an experiment in which rats received electric shock 
through tail electrodes. Two rats were wired in series so 
that both received the identical intensity and duration of 
tail shock (impedance was similar in both rats). One animal 
was allowed to escape the shock by turning a wheel. This 
wheel turning stopped the shock for both animals. Weiss 
et al. (1970) found that animals which could escape the 
shock by turning a wheel showed an increased brain level 
of NE, v1hile the "yoked" animals with no control over the 
shock showed a reduction in central NE content. Control 
over the shock, thus, seems important in determining the 
effect of both foot and tail shock induced changes in brain 
NE concentration. 
Other investigators (Fuxe and Hanson, 1967; Lewy and 
Seiden, 1972; Yuwiler and Olds, 1973) have reported that 
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Figure 9. The effects of avoidance conditioning (CAR) and 
foot shock stress on whole brain norepinephrine 
(NE), 5-hydroxytryptamine (5-HT) and acetylcholine 
(AC1!) levels. Control group A (CG-A); Control 
g~oup B (CG-B); Shock stressed group A (SG-A) ; 
Shock stressed group B (SG-B) ; Conditioned avoid-
ance group (CAR) • Acquisition of the CAR was not 
associated with any significant effects on whole 
brain levels of NE, 5-HT or ACh as co~pared to 
control groups CG-A or CG-~ which the8selves did 
not differ. Compared with the other 3 groups 
there were significant differences in XE, 5-HT and 
ACh in the stressed groups SG-A and SG-B. These 
latter two groups did not differ signi~icantly. 
Each value (±SEM) represents 60 mice. Probabil-
ities based on Student's t-test for independent 
means. *: p(o.Ol. 
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NE turnover is changed following the acquisition or performance 
of conditioned behavior. Our results agree with those o~ 
Fulginiti and Orsingher (1971) with regard to 5-HT level, 
but are in disagreement with these and the above investigators 
with regard to changes in central NE. The discrepancies may 
be due to the fact that Lewy and Seiden (1972) and Yuwiler 
and Olds (1973) used positive reinforcement behavioral para-
digm versus our conditioned avoidance task. Also Weiss et al. 
(1970) used escape behavior rather than avoidance. Our 
results, on the other hand, agree with those of Weiss et al. 
with regard to the stress effect (no escape results in a 
decrease in NE). Therefore, it is possible that inescapable 
shock, escapable shock and avoidable shock produce different 
effects on central NE level, that is, a decrease, an increase 
and no change, respectively. 
Assuming its importance in the regulation of subsequent 
behavior, stress should either facilitate or attenuate var-
ious behavioral routines. Stress may be acting to increase 
the activity of central catecholaminergic systems, and to 
decrease the activity of the cholinergic and serotonergic 
systems. In so doing, this activation, inhibition, or com-
bination thereof, allows for, or in some way modulates, 
behavioral routines until an appropriate stress relieving 
response is found through trial and error. When this coping 
response is achieved and execution of "correct" behavioral 
sequences is accomplished, then the increased or decreased 
activity of select neurotransmitter systems (as measured 
by changes in concentration or turnover) are normalized. 
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If the neurotransmitter fluctuations which were found 
in these experiments have functional significance, then 
similarly induced changes in neurotransmitter activity, re-
flected as a decrease in NE and increases in 5-HT and ACh 
concentration, should produce predictable behavioral effects. 
If the stress-induced changes in brain transmitter systems 
have adaptive value for coping behavior, then stress should 
enhance the acquisition of avoidance conditioned behavior. 
In order to test this hypothesis the experiments des-
cribed below (Chapters V-IX) were designed to determine 
1) The effect of stress on the acquisition of an avoidance 
conditioned response; 2) the effects on avoidance condition-
ing of drugs which mimic the "stress syndrone" neurochemically; 
3) the relation between genetically determined endogenous levels 
of NE, 5-HT and ACh and avoidance conditioning; and, 4) the 
effect of stressors other than foot shock on conditioned 
avoidance acquisition and locomotor activity. 
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C. RESULTS 
The animals in Group 5 (CAR) evidenced a progressive 
and significant decrease in their latency to leave each 
base chamber. By the 25th trial these latencies averaqed 
less than 5 sec, indicating acquisition of a conditioned 
avoidance response (CAR). Acquisition of the CAR, however, 
was not associated with any significant effects on whole 
brain levels of NE, 5-HT or Ach (Fig. 9) as compared to the 
control groups (1 and 2), which themselves did not differ. 
There were significant differences, on the other hand, in 
the whole brain concentrations of these neurotransmitter 
substances in the stressed groups, which themselves did not 
diffe~ when compared with the other 3 groups (1, 2 and 5). 
D. DISCUSSION 
The results indicate that 1) acquisition of a condi-
tioned avoidance response (CAR) does not affect whole brain 
NE, 5-HT or Ach concentration~ and 2) stress results in a 
decrease in whole brain NE level and an increase in central 
5-HT and Ach content, if the animals are not given an op-
portunity to escape or avoid the stressful stimuli. These 
findings are in agreement with those reported in Chapter III, 
but are in discordance with those of other investigators 
who found changes in brain neurotransmitter levels subse-
quent to the acquisition of a CAR. 
Studies by Heiss et al. (1970,1975) are relevant. 
They performed an experinent in which rats received electric 
shock through tail electrodes. Two rats were wired in series 
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so that both received the identical intensity and duratio~ 
of tail shock (impedance was similar in both rats). O~e 
animal was allowed to escape the shock by turning a wheel. 
This wheel turning stopped the shock for both animals. 
weiss et al. (1970) found that animals which could escape 
the shock by turning a wheel showed an increased brain level 
of NE, while the "yokedu animals with no control over the 
shock showed a reduction in central NE content. Control 
over the shock, thus, seems important in determining the 
effect of both foot and tail shock induced changes in brain 
NE concentration. 
Other investigators (Fuxe and Hanson, 1967; Lewy and 
Seiden, 1972; Yuwiler and Olds, 1973) have reported that 
NE turnover is changed following the acquisition or per~or-
mance of conditioned behavior. Our results agree with those 
of Fulginiti and Orsingher (1971) with regard to 5-HT level, 
but are in disagreement with these and the above investiga-
tors with regard to changes in central NE. Possible explan-
ations for these discrepant results include the use of a 
positive reinforcement behavioral paradigm by both Le\vy and 
Seiden (1972) and Yuwiler and Olds (1973) versus our condi-
tioned avoidance task. Also, Weiss et al. (1970) used escape 
behavior rather than avoidance. Our results, on the other 
hand, agree with those of Weiss et al. "~tli th regard to the 
stress effect (no escape results in a decrease in NE). 
Therefore, it is possible that inescapable shock, escapable 
shock and avoidable shock produce different effects on central 
NE level, that is, a decrease, an increase and no change,re-
spectively. 
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Assuming its importance in the regulation of subsequent 
behavior, stress should either facilitate or attenuate var-
ious behavioral routines. Stress may be acting to increase 
the activity of central catechola~inergic systems, and to 
decrease the activity of the cholinergic and serotonergic 
systems. In so doing, this activation, inhibition, or corn-
bination thereof, allows for, or in some way modulates, 
behavioral routines until an appropriate stress relievinq 
response is found through trial and error. ~hen this coping 
response is achieved and execution of "correct" behavioral 
sequences is accomplished then the increased or decreased 
activity of select neurotransmitter systems (as measured 
by changes in concentration or turnover)are normalized. 
If the neurotransmitter fluctuations which were found 
in these experiments have functional significance, then sim-
ilarly induced changes in neurotransmitter activity, re-
flected as a decrease in NE and increases in 5-HT and Ach 
concentration, should produce predictable behavioral effects. 
If the stress induced changes in brain transmitter systems 
have adaptive value for coping behavior, then stress should 
enhance the acquisition of avoidance conditioned behavior. 
In order to test this hypothesis the experiments des-
cribed below (Chapters V-IX) were designed to determine 
l) The effect of stress on the acquisition of an avoidance 
conditioned response; 2) the effects on avoidance condition-
ing of drugs which mimic the "stress syndrome" neurochernically 
3) the effect of genetically determined endoqenous levels 
of NE, 5-HT and Ach on avoidance conditionina: and, 4) the 
effect of other stressors on conditioned avoidance acqui-
sition and locomot.or activity 
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CHAPTER V 
LEARNING AND STRESS 
A. INTRODUCTION 
The behavioral consequences of stress has been studied 
by a number of investigators. 
gression (Valzelli, 1972), sex 
These behaviors include ag-
(Morris, 1954; Goldfoot and 
Baum, 1972) and ingestion (Antleman and Caggiula, 1977). 
Most studies report an increase in consu~matory behavior 
due to a variety of stressors. 
An interesting approach to the study of stress related 
behavior was described by Antelman et al., (1975). 
Their experimental manipulation involves the application of 
mild pressure to the tail of rats or mice. The "tail-pinch-
induced behavior" reported by these investigators is quite 
dramatic. For example, eating in food-sated animals \•7as 
found in over 95% of the rats tested. These investigators 
and others (Eichelman et al.,l976; Connor, 1971; Williams, 197J). 
reported findings which can be grouped into three catagor-
ies: 1) the induction of a particular behavior, for exam?le, 
eating; 2) exaggeration of lesion or pharmacologically in-
duced behaviors; and, 3) recovery of normal behaviors which 
have been depressed as a consequence of physical or pharma-
cological treatment. The involvement of the central norad-
renergic and serotonergic systems in the tail-pinch-induced 
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behaviors was strongly suggested by 1) the ability of ~-MPT, 
5-HTP and tryptophan, to attenuate the resoonses induced by 
~ 
tail 9inching, and 2) the ability of 6-0HDA injected into 
the substantia nigra region to produce deficits in both 
the onset and maintenance of tail-pinch-induced-behavior. 
As suggested eralier, the behavioral response of an or-
ganism to stress may actually serve to reduce the adverse 
psychological and biochemical consequences of such stress. 
Reinstatement of homeostasis has been de~onstrated by a 
number of investigators. For exa~ple, Stalk et al. (1974) 
demonstrated that shocked solitary rats s~owed increases in 
NE turnover, while rats shocked in the presence o£ another 
rat, against which aggression was possible, showed no such 
cha~ge. 
The experiemnts presented in this section were designed 
to test the hypothesis that stress places an organism in a 
"readiness' 'posture, and allows more readily for the ex-
pression of successful trial and error behavior. Thus, 
stress should facilitate the acquisition of conditioned 
avoidance response. 
B. EXPERIMENTAL DESIGN 
1. Effects of Stress on Acquisition of a Conditioned 
Avoidance Response (CAR) 
The acquisition of a CAR was studied in 2 groups of 
male CF-1 mice. 
Group 1: The mice in this group (n=60) received a total 
of 60 unavoidable shocks (1/min) in the Lehigh Valley (LVE) 
shock chambers as described in the methods section (Chapter 
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II, P.l4) · 
Group ~ The mice 1n this group (n=60) were placed in the 
shock chambers for 60 min. without being shocked. 
Immediately after removal from the LVE chambers, the 
mice were placed in the "climbing screen" and their acqui-
sition of a CAR studied. 
2. Effects of CAR on Stress-Induced Changes in 
Brain Transmitter Levels. 
The effects of CAR training on stress-induced changes 
in whole brain NE and 5-HT concentrations were investigated 
in 3 groups of mice, each of which was subdivided into 3 
subgroups (n=lO/subgroup) based on the amount of time ( 0, 25 
or 50 min) they spent in the climbing screen. 
Group A(Controls): These animals (n=30) were not 
shocked or trained to avoid, but spent 60 min in the LVE 
chamber. The animals then were sacrificed for brain mono-
amine assay, after spending 0, 25 or 50 min in the initial 
base chamber of the climbing screen (Al, Fig 2). 
Group B (Stressed) : These mice (n=30) received 60 
shocks in the LVE chamber, then were sacrificed after 
spending 0, 25 or 50 min in the initial climbing screen (Al) 
base chamber. No CAR training was given. 
Group C (Stress + CAR) : The 3 subgroups of mice com-
prising this group (n=30) received 60 unavoidable 2 sec 
shocks (1/min) in the LVE chambers,and then 0, 25 or 50 min 
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of avoidance conditioning in the climbing screen prior to 
sacrifice for central monoamine analysis. ~ote that the 
Group C 0-min subgroup (n=lO) received the same treatment 
as the Group B 0-min subgroup (n=lO) ~ 
C. RESULTS 
The effects of stress on avoidance conditioning are 
presented in Fig 10. An analysis of variance (ANOVA) in-
dicated that shock-stress facilitated the acquisition of 
the CAR. The ANOVA revealed a significant trial effect 
(p(.003) and treatment (p<O.Ol) effect. The interaction 
term (interaction between time and trials) was not sig, 
The amount of time the stressed ani~als spent in the 
base chambers was less on every trial as coDpared to controls. 
Individual between group comparisons revealed significant 
differences after 20 or ~ore trials. The stressed ~ice 
also totaled more CAR's than the control animals (Fig, 10). 
There was no significant difference in climbing time (the 
amount of time it takes an animal to climb fro:.n one base 
chamber to the next) between the stressed animals and con-
trols (Fig.ll). The climbing time is a good indication 
of motor activity and coordination, since an animal with a 
motor deficit would spend more time going up the ramp fro:.n 
one base chamber to the next, \vhereas an animal with increas-
ed motor ability or activity may ascend the ra~? faster. 
The similar climbing times for the controls and stressed 
animals suggest, therefore, that stress had no effect on 
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Figure 10. Effect of foot shock stress on subsequently 
conditioned avoidance behavior. Horizontal 
hatched line indicates that a latency of less 
than 5 sec. spent in the base chamber led to a 
successful avoidance response. An analysis of 
variance indicated a significant (p(O.OOl) treat-
ment effect. A t-test revealed significant 
between group differences after 20, 25, 35, 45 
(p(O.OS) and 50 (p(O.Ol) trials, indicating that 
prior foot shock stress facilitates acquisition 
of a conditioned avoidance response. Inset: 
Total conditioned avoidance responses (CAR) 
emitted during the session. A significant 
(p(O.OS) increase in the total number of CAR's 
emitted was seen due to stress. Each value 
(±SEM) represents 10 mice. 
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Figure 11. Effect of prior foot shock stress on the climb-
ing ability (measured as climb time) of mice 
in the avoidance conditioning "climbing screen". 
An analysis of variance revealed a significant 
(p(O.OOl) trial effect, but no significant 
treatment effect. Thus, stress had no effect 
on the ability of the mice to climb the ramp. 
However, both groups demonstrated a decrease in 
climbing time as the experiment progresse~and ~s 
the ani~als evidenced acquisition of the avoidance 
response. Each value (±SEM) represents 10 mice. 
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:::-.otor activity pe£ se. The effects of subsequent avoidance 
conditioning on the stress-induced changes in brain levels 
of NE and 5-BT are presented in Fig. 12. Avoidance condi-
tioning attenuated the effect of stress on brain 5-HT but 
not NE level. 
D. DISCUSSION 
The results are consistent with our hypothesis that 
stress-induced changes in central neurotrans~itter concen-
trations affects subsequently learned behaviors in Rice, 
as foot shock stress facilitated the subsequent acquisi-
tion of a conditioned avoidance response (CAR) . ]>_·voidance 
conditioning, furthermore, reduced the shock induced change 
in central 5-HT, but not NE concent. Avoidance conditioning 
by itself did not, in our hands, affect brain neurotranssit~er 
concentrations (Chapter IV) . This result was not consistent 
with the findings of others (Fuxe and Hanson, 1967; Fulgini~i 
and Orsingher, 1971). As suggested earlier (C~a?ter IV) our 
findings with regard to avoidance conditioning effects on 
monoamines may differ as a result of our use of a different 
learning ?aradigm. 
If the stress induced c~anges in neurotransmitter syste@s, 
measured as alterations in brain concentrations, are impor-
tant in facilitating the acquisition of a CAR, them pharma-
cological manipulations of neurotransDitter concentrations 
in a similar manner should facilitate CAR acquisition. The 
experiemnts reported in the following chapter were designed 
to determine what effects drugs, wDich alter neurotransmitter 
metabolism in distinctly different ways, have on avoidance 
conditioning. 
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Figure 12. Effects of avoidance conditioning on stress-
induced changes in whole brain 5-hydroxytrypt-
amine (5-HT) and norepinephrine (NE) levels. 
Three groups were used: 1) a non-stressed 
control group which spent 60 min. in the LVE 
shock chamber, and 0, 25 or 50 min. in the 
climbing screen base chamber without receiving 
foot shocks or avoidance training at any time. 
2) a stressed group (stress) which received 60 
shocks (1/min.) in the LVE chamber, then were 
exposed to the cli~bing screen for 0, 25 or 50 
min. without avoidance training; and, 3) a 
stress plus avoidance conditioning group(stress + 
CAR) \·lhich received 60 shocks in the LVE chamber, 
and then 0, 25 or 50 min. of avoidance conditioni~~ 
in the climbing screen. 
Monoamine concentrations were determined for each 
group at each of the 3 time intervals following 
completion of the stress1 and expressed as percent 
differences from non-stressed control. A total 
of 9 subg-roups (n=lO in each), thus, were analysed. 
The 5-HT and NE levels of the stress1 and stress+ 
CAR,groups were significantly higher and lower, 
respectively, than the control group at each o= 
the 3 intervals (that is, after 0, 25 or 50 CAR 
trials). On the other hand, a t-test revealed a 
significant (p(0.05) decrease in 5-HT in the 
stress + CAR group as compared to the stress 
group, suggesting that avoidance conditioning atten-
uated the effect of stress on brain 5-HT level. 
In contrast, the absence of a significant differ-
ence between the stress and stress + CAR groups, 
with regard to whole brain NE level~ suggests 
that subsequent avoidance conditioning does not 
influence stress induced chang~in NE concen-
tration. Figure on following page. 
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Figure 12. Effects of avoidance conditioning on stress-
induced changes in whole brain 5-hydroxytrypt-
amine (5-HT) and norepinephrine (NE) levels. 
Details on previous page. 
CHAPTER VI 
DRUGS, NEUROCHEMISTRY AND LEARNHJG 
A. INTRODUCTION 
Two methods have been used to study the relations~i? 
between learning and neurochemistry. One approach uses 
neurotransmitter level as the independent variable, ~hile 
the second employed the organism as the independent va~iable. 
In other words, in the first case the effects of altered 
neurotransmitter metabolism on learning processes, was 
evaluated while in the other case the ef£ects of learning 
on transmitter concentration and/or turnover were measured. 
The possible involvement of the catecholaninergic, seroto~­
ergic and cholinergic systems in learninq nrocesses will 
be reviewed. 
1. Catecholamine Syste~s 
The effects of pharmacological manipulations on lea~n­
ing often depend on the physical requirements of the task 
involved. Often a change in learning behavior is attributed 
to a drug which impairs motor performance, thereby clouding 
the issue of causality and making correlative studies dif-
ficult to interpret. Impairment of avoidance acquisitio~ 
may be due to alterations in notivation, discrimination and 
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performance, rather than learning processes per se. For 
example, treatment with c(.-MPT does not affect the acquisi-
tion of a shuttlebox avoidance task if ~otor activity is 
not affected (Ahlenius, 1973). 
In general, experimental procedures ~hich decrease cen-
tral catecholaminergic activity impair learning. Intraven-
tricular or intercerebral administration of the catechola~i~e 
neurotoxin, 6-hydroxydopamine (6-0HDA), for ex~~ple, has 
been shown to impair the acquisition of a conditioned avoi-
dance response (CAR) (Cooper et al., 1973; Howard et al., 1974; 
Fibiger, et al., 1976). However, Cooper et al. {1973) ~1as 
demonstrated that acquisition of an escape-avoidance response 
can be facilitated or impaired after 6-0DEA injections de-
pending on the dose; doses which pre~erentially depleted NE 
to a greater extent that DA facilitated acquisition, while 
doses which depleted DA to a greater extend than ~E either 
had no effect or impaired acquisition. Altogether, related 
the facilitation of acquisition to increased morot activity. 
That the catecholamine systems are involved in learning also 
has been suggested by studies in which electrolytic lesions 
were made in the locus coeruleus of rats (P._nlezark et al. , 
1973). Such lesions resulted in the impairment of a hunger-
motivated response, but did not decrease ~otor activity. The 
use of alpha and beta adrenergic blocking agents have pro-
vided evidence that both types of adrenergic receotors are 
involved in the learning process (Vasquez eta~., 1967; ~:erlo & 
Izquierdo, 1965). Disulfiram, a doDamine-beta-hydroxylase inhi-
bitor has been shown to impair oerformance of an avoidance 
response (Krantz and Seiden, 1968). 
Direct placement of NE into the brain had an effect 
on a CAR which depended on the site of injection. Thus, 
when NE was given intraventricularly, CAR acquisition 
was facilitated, while NE injections directly into the 
reticular formation, impaired CAR acquisition (Wise et 
~1., 1973). 
Stein (1969) and coworkers (Stein and Wise, 1970; 
Stein et al., 1975) have suggested that the facilitatory 
effect on learning which follows treatments ,,.,hic~ enhance 
adrenergic activity is mediated by a specific alpha-adren-
ergic reinforcement system. Accordingly, stimulation of 
this system enhances consolidation by increasing the pro-
bability that the response to be learned will occur. This 
system involves "strengthening of circuits" by repetitive 
use. Cholinergic influences on this system also have been 
suggested (Carlton, 1969). Thus, the alpha-adrenergic ac-
tivating system may operate only when cholinergic neurons 
are not inhibiting learning processes. 
Thut (1977) recently has suggested that serotonergic 
systems are involved in the impairment of CAR acquisition 
produced by L-dihydroxyphenylal2Dine (L-DOPA). He suggested 
that L-DOPA releases 5-HT, inhibits 5-HT synthesis by com-
peting with 5-hydroxytryptophan (5-HTP) for L-aromatic-acid-
decarboxylase, and produces increases in DA levels which 
result in competition for 5-HT binding sites. He hypothe-
sized that the initial release of 5-HT after L-DOPA treat-
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ment depresses CAR acquisition. 
2. Cholinergic Systems 
As with the catecholamine systems, the influence of the 
cholinergic system on learning is difficult to interpret. 
The literature on this subject also is extensive but incon-
sistant. The action of many cholinomimetic drugs (for exam-
ple, anticholinesterases) are biphasic (Rosie, 1970); Karcz-
maret al., 1973; Karczmar, 1974, 1976). The effects of these 
drugs depend on the type of le~rning paradigm employed, the 
dosage and route of administration (Matthies et al., 1974). 
In general, the anticholinesterases and nicotinic agon-
ists facilitate the acquisition of a CAR, although Rosecrans 
and Domino (1974) have reported that physostigmine depresse~ 
both the acquisition and performance of a CAR. 
The peripheral actions of drugs which are used to study 
cholinergic influences on behavior are considerable, and of-
ten mask facilitation or inhibition of conditioned avoidance 
acquisition. For example, Brimblecombe and Buxton (1971) 
using an automated shuttlebox apparatus, studied the effects 
of eight atropinic drugs on avoidance conditioning. They 
found that three of the drugs enhanced conditioned avoidance 
learning, while three others produced significant decreases 
in avoidance responding. All of the muscarinic blocking 
agents studied, however, increased spontaneous locomotor 
activity. 
Muscarinic cholinergic blocking agents (atropine and Sco-
polamine, for example) have been shmm to impair the perfor-
mance of previously trained animals, suggesting a role 
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for the cholinergic system in memory or retention (Oliverio, 
1967; Karczmar, 1973). Ho•1ever, disruption o:f: ::>erforn;ance 
can be nue to peripheral side-effects and loconotor disa-
bilites. 
3. Serotonergic Systems 
There is considerable evidence supporting a role for 
5-HT in learning (vlooley, 1965; Essman, 1970; Stein et al., 
1973. In general, electrolytic lesions of t~e 5-HT con-
taining cell bodies in the mid brain deplete 5-HT level and 
facilitate the acquisition of a CAR (Lorens et al. , 
1971; Yunger and Harvey, 1976), while administration of 
drugs which increase 5-HT levels (tryptophan and 5-hydroxy-
~ryptophan ) inhibit active avoidance conditioninq (En~l 
and Ivlc:digh, 1974). But, as is the case ':lith :ma!1ioulation 
of catecholamine and cholinergic systems, the effect of de-
pletion of 5-HT on avoidance conditioning depends upon both 
the method of depletion and the behavioral paradigm employ-
II 
ed (Kohler and Lorens, 1977; Lorens, 1978). 
Stein and Wise (1974) have proposed that 5-HT acts as 
a modulator in a punishment system,while NE acts to modulate 
a reward system. This view was based on the ability of these 
transmitter agents (when applied directly to the brain) to 
impair or facilitate avoidance behavior. 
4. Summary 
A case can be made for catecholaminergis cholinergic and 
serotonergic involvement in learning processes. The effects 
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of manipulating the metabolism of these neurotransmitters 
on avoidance learning depend on 1) t!1e :7\0thod of manipulation 
(pharmacological treatment versus lesion rnethid); 2) the 
site or route of drug administration; 3) t~e separation of 
learning from non-learning variables (for exam~le, locomotor 
activity); and 4) the type of behavioral paradigm used. 
B. EXPERIMENTAL DESIGN: 
Effect of Neurotransmitter Modifying Drugs on the 
Acquisition of a CAR, Neurochemistry and Activity. 
The acquisition of a CAR was studied in 8 groups of 
CF-1 mice using the "climbing screen" r:1ethod (Chapter II, p. 
7). The drugs, their mechanism of action, and dosage are 
presented in Talbe III. The grou~s (n = 10/grouy) received 
the following drugs based on previous pilot studie in our 
laboratory and dose response data which demonstrated those 
doses which provided appropriate behavioral and biochemical 
responses. 
Group 1) L-dihydroxyphenylalanine (L-DOPA) 
Group 2) L-5-hydroxytryptophan (L-5-HTP) 
Group 3) Alpha-methyl-~ara-tyrosine (~-MPT) 
Group 4) Para-chlorophenylalanine (p-CPA) 
Grou9 5) Physostigmine 
Group 6) Scopolamine hydrobromide 
Group 7) "'-MPT + L-5-H'i'P + Physostigmine 
Group 8) Sal~ne or gum tragacath (2mg/ml saline) 
Eight additional groups (n=lO/groupL of naive mice were 
not tested in the conditioning paradig~, but received the 
same pharmacological treatments. They were sacrificed at 
TABLE III 
DRUGS, MECHANISM OF ACTION, ACTION ON NEUROTH.AW;HITTER AND DOSE SCHEDULE 
DRUG 
L-Dopa 
L-5-HTP 
c<.-HPT 
p-CPA 
Physostigmine 
Scopolamine 
MECHANISM OF ACTION 
NE and DA precursor 
Immediate 5-HT 
precursor 
Tyrosine hydroxylase 
inhibitor 
Tryptophan and 
phenylalanine hydroxylase 
inhibitor 
Cholinesterase inhibitor 
Huscarinic receptor 
blocker 
ACTION ON TRl\NSHIT'fER LEVELS DOSE 
Increase NE and DA 50 mg/kg (ip). 
30min prior to 
experiment 
Increase 5-HT 100 mg/kg (ip) 
30 min prior to 
experiment 
Decrease NE and DA 200 mg/kg (ip) 
24 hr prior to 
experiment 
Decrease 5-HT 316 mg/kg (ip) 
72 hr prior to 
experiment 
Increase ACh .01 mg/kg (ip) 
30 min prior to 
experiment 
Decrease l\Ch .3 mg/kg (ip) 
30 min prior to 
experiment 
L-dihydroxyphenylanine: L-Dopa; L-5-hydroxytryptophan: L-5-HTP; Alpha-methyl-para-tyrosine: 
<-MPT; Parachlorophenylanine: p-CPA; norepinephrine: NB; 5-hydroxytryptamine: 5-UT; 
acetylcholine: ACh; dopamine: DA; milligram per kilogram: mg/kg; intraparitoneally: ip. 
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the same post-injection time as the conditior:ed a::1imals, 
and their whole brain levels of NE, 5-HT an0 ACh deter~ined. 
Eight additional groups (n=lO/group) of ~aive mice re-
ceived the same pharmacological treatments and , .. ,ere ?laced 
in the Lehigh Valley Electronics (LVE) activity chambers 
(Chapter II, p. 12). The activity levels of the animals 
were determined at the same time post-injection as the 
animals which received CAR training. 
C. RESULTS 
The results of the effects of drugs on necrotrans~itter 
concentration, avoidance condit~oning and loco~otor act~vity 
are summarized in Table IV. The data are :;resented in ter:-:1s 
of percent change from control. In general, the data rela-
tive to the levels of NE, 5-HT and ACh agree ivit~ our ~re­
vious results (Richardson et al., 1970; Ric~ardson, 1971; 
Karczmar, et al, 1973), and the findings of oti"lers (Glisson 
et al., 1972). L-DOPA had the expected effect of increasing 
NE level (p 0.001), without affecting 5-HT or AC~ level. 
5-HTP increased 5-HT level (p 0.001), without affecting NE 
or ACh levels, whereas 0'\-MPT decreased NE level (p 0. Ol) 
without an effect on 5-HT or ACh. Physostig::1ine resulted 
in an increased ACh level (p 0.001), with no effect on 5-ET 
or NE, while p-CPA decreased 5-HT level without effects on 
NE or ACh. Scopola~ine failed to affect brain neurotrans-
mitter concentrations. This result was contrary to our earlier 
studies (Karczmar et al., 197 3) which shov1ed a decrease in _n_ch 
after scopolanine administration. Although the decrease in 
ACh found in the present experiment was large (-18%) the 
date failed to reach statistical significance due to the large 
variance. 
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TABLE IV. Effect of drugs on whole brain neurotransmitters, 
avoidance conditioning and activity. A t-test 
revealed L-Dopa significantly (p(O.OOl) increased 
NE level, without affecting 5-HT or ~h level. 
5-HTP only increased 5-HT level (p(O.OOl) ,whereas 
o(-HPT only decreased NE level (p<o. Oll. Physostig. 
resulted in an increased (p<O.OOl) JI..Ch level, r:rhile 
p-CPA only decreased 5-HT level. Scopolamine 
failed to affect brain neurotransmitter concen-
trations. Onlye(-HPT significantly (p{0.05) 
increased and scopolamine significantly (p(0.05) 
decreased the total number of conditioned avoid-
ance responses (CAR). Both L-Dopa and scopolamine, 
furthermore, decreased locomotor activity, (p<O.Ol) 
and (p(O.OS) respectively. NM: not measurable. 
See Table III for further details. Table on 
follmving page. 
TABLE IV 
EFFECT OF DRUGS ON WHOLE BRAIN NEUROTRANSMITTERS, AVOIDANCE CONDITIONING AND ACTIVITY 
L-Dopa 
L-5-HTP 
c(-MPT 
p-CPA 
Physostigmine 
Scopolamine 
lli(-MPT + L-5-HTP 
+ PhysostigminEC 
NE 
-·-
78*** 
.. 4 
- 61** 
+ 3 
- 7 
+ 12 
-48 
(Percent ~hange from control) 
5-HT ACh 
15 2 
+ 124**•.': - 3 
+ 6 + 6 
- 73** + 4 
+ 8 + 88*** 
- 6 - 18 
+104** + 129** 
*: p(0.05 
**: p{O.Ol 
***: p<O. 001 
#CAR 
16 
- 4 
+ 20* 
- 3 
+ 16 
- 32* 
NM 
Details on preceding page. 
Locomotor Activity 
-26** 
- 4 
+ 18 
+ 7 
+ 14 
- 20* 
NM 
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In general, the appearance of the ani~als following 
drug treatment was similar to control saline animals. 
Occasionally muscle tremors were seen after physostigmine 
administration, especially during avoidance testing. -~PT 
resulted in some sedation, but the p-CPA and 5-HTP treated 
animals showed no gross neurological or behavioral abnor-
malities. Animals given p-CPA and o<.-MPT lost \•Teight (8 
grns + 2) from the time of injection to the beginning of 
the experiment. The combination of physostig:nine, c<-N?T 
and 5-HTP was not fatal but toxic. This toxicity was 
manifested as extreme tremors, piloerection and, at ti~es, 
convulsions. The appearance of these symptoms led to an 
abbreviation of the avoidance conditioning session; and 
the data were not analyzed for this group. 
As seen in Talbe IV, only~-MPT significantly (p(0.05) 
increased and scopolamine significantly (p.(O.OS) decreased 
the total number of conditioned avoidance responses (CAR). 
Both L-DOPA and scopolamine, furthermore, decreased loco-
motor activity, (p.<O.Ol) and (p.(O.OS) respectively. 
D. DISCUSSION 
The effects of the combination of o(-~1PT, L-5-HTP and 
physostigmine on neurotransmitter levels were particularly 
interesting since to our knowledge the neurochemical and/or 
behavioral consequences of this regimen have not been stud-
eid. This combination resulted in large increases in brain 
ACh and 5-HT levels, and a large decrease in NE content. 
We used this particular combination of drugs in order to 
test the hypothesis that a decrease in brain ~E concentration 
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with an associated increase in 5-HT and ACh levels should 
facilitate the acquisition of a conditioned avoidance re-
sponse. Unfortunately, this combination of drugs proved so 
toxic that their behavioral consequences could not be analyzed. 
As indicated by the increase in the number of conditioned 
avoidance responses (CAR), only~-MPT treatment resulted in a 
significant facilitation in avoidance conditioning. As dis-
cussed earlier (Chapter III), the facilitation of avoidance 
conditioning might be ude to factors other than those invol-
ved in the learning process. In this regard, the o<.-MPT 
treated group showed a significant increase in the number 
of CAR's emitted, but no significant change in activity level. 
In contrast, scopolamine, decreased both the number of CAR's 
emitted and activity level. L-DOPA, however, reduced acti-
vith level, but did not significantly affect the number of 
CAR's observed. 
The results suggest that a decrease in central NE, and 
probably DA (increases in NE and DA turnover?) can lead to 
enhanced CAR acquisition without concomitant changes in ac-
tivity level. Reductions in activity level may be associated 
1Nith significant impairment in CAR acquisition (as seen fol-
lowing scopolamine administration), but this is not necessar-
ily always the case, as witnessed by the effects of L-DOPA 
injection. 
The results of these 9harmacological nanipulations do 
not favor our hypothesis that combined and simultaneous 
changes in central catecholaminergic, serotonergic and 
cholinergic neurotransmitter systems facilititate the 
"coping" response or conditioned avoidance learning, and 
all drugs and doses employed are knovm to have major 
peripheral actions, other than their oossible effects 
on locomotion, which may interfere with an animal's 
preparedness to adapt to a stressful situation. The 
results, thus, do not argue convincingly for/or against 
our hypothesis. 
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If stress and drug-induced changes in neurotransmit~er 
levels are important in facilitating avoidance conditioning, 
then both genetically determined variations in endogenous 
transmitter levels (Chapter VII) and changes in transmitter 
concentration induced by stressors other than shock (Chapter 
VIII) should have an effect on avoidance conditioning. 
CHAPTER VII 
MOUSE STRAINS, NEUROCHEMISTRY AND LEARLHNG 
A. INTRODUCTION 
For some time our laboratory (Scudder et al., 1969; 
Richardson and Scudder, 1971; Karcznar et al., 1973) has 
engaged in research utilizing several genera and strains o: 
mice to gather information concerning the role of central 
neurotransmitters in mediating behavior. The strains inves-
tigated exhibit large differences in terms of their central 
neurochemical levels and behavioral profiles (Mandel and 
Ebel, 1974; Meyers, 1967). 
Im previous work (Scudder et al., 1969) we demonstra-
ted that correlations existed between particular behaviors 
(avoidance conditioning) and biochemistry (Brain ACh level) 
across several genera and strains of mice (Karczmar et al., 
197 3) . 
Bailey (1971) has developed a method of genetic analy-
sis using recombinant (RI) strains, which has been useful in 
tracing gene-behavior-biochemical mechanisms. ?he RI strains 
were derived from a cross between two unrelated but highly 
inbred strains of Mus musculus (C57nL/6 and BALB/C). The 
offspring subsequently were inbred. A second group o£ mice 
\vas derived from a cross between C57BL/6 and BALB/C mice, 
subsequently backcrossed to C57BL/6 for several generations, 
resulting in different congenic lines. Subsequently, each 
of the congenic strains was tested against the RI strains 
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by means of skin grafts to determine which ?I strain 
carried the BALE allele and which strain carried the 
C57 allele at a given histocompatibility loc~s. 
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By this technique it was determined that a single 
gene was responsible for exploratory behavior (Oliverio e~ 
al., 1973), active avoidance, and plasma serotonin level 
(Eleftheriou and Bailey, 197~. Oliverio and coworkers (1974) 
have concluded that plasma/brain 5-HT and avoidance learning 
are controlled by a single major gene effect, a~d that 
these two traits do not correlate at random, indicating the 
existance of a relationship between 5-HT and the ~adulation 
of some learning process. These workers indicated more re-
search was needed to determine th~ relations~io between 
learning, 5-HT and other brain amines. 
Based on the above studies, a congenic line of mice 
(C57BL-Bailey) characterized by high avoidance, high plasma 
5-HT and low activity was developed by the Jackson Labora-
tory (Bar Harbor, Maine) and made available for research. 
We were interested in this particular strain for several 
reasons~ 1) Since this strain was characterized by high 
plasma 5-HT level, comparison of its learning ability with 
that of a strain with a significantly lower 5-HT content 
could prove heuristic; 2) Since the strain purportedly was 
characterized by a low activity level, we mig~t eliminate 
the possibility of high motor activity interfering with 
the acquisition of a conditioned avoidance response (CAR), 
such as was seen in our previous experiment (Chapter V); 
3) Biochemical studies on this strain might reveal relation-
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ships between brain neurotransmitter levels and learning 
capability. 
B. EXPERH1ENTAL DESIGN 
Mouse Strain Differences in Neurochemistry, Acquisition 
of a CAR, and Activity Level. 
1. Neurochemical Studies 
Whole brain levels of NE, 5-HT, Ach and GABA were de-
termined in two strains of mus musculus: CF-1 and C57BL6/ 
Bailey (BY) . A total of 30 mice were used for this experi-
ment, 15 from each strain. Prior to sacrifice, the mice 
were housed 10 per cage as described in Chapter II (p.7 ) . 
2. Behavioral Studies 
Locomotor activity (Photoactorneters, Chapter II, p.l2) 
and CAR acquisition (climbing screen, Chapter II, p.7 
were determined in 10 mice from each strain. The animals 
were housed 10 per cage as described above (Chapter II) . 
C. RESULTS 
1. NE, 5-HT, ACh and GABA Levels in Whole Brain. 
A t-test for independent means revealed the C57Bl/BY · 
strain exhibited a significantly (p(O.OS) lower level of 
NE, and higher levels of 5-HT (p.(0.05) and ACh (p.<0.02) 
than the CF-1 strain. GABA levels did not differ signifi-
cantly. 
2. Avoidance Conditioning 
("') 
c 
..--1 
'J'l\BLE V 
ENDOGENOUS WHOLE BRAIN CONCENTRJ\TIONS OF NE, 5-HT, 1\CH AND GATIA IN TWO STRJ\INS OF MUS. 
CP-1 CS7BL/IW % Difference 
Nl~ 
286 ± 19 225 ± 24 * - 21 
(ng/g) ± SEH 
5-HT 
(ng/g) ± SEM 843 ± 41 987 ± 31 * + 14 
ACh 
(nM/g) ± SEM 21.24 ± 1.91 24.98 ± 1.86 ** + 16 
GABA 
(l.lg/g) ± SEM 118. ± 8. 2 127 ± 7.3 + 6 
A t-test revealed the C57BL/BY strain exhibited a significantly (p<0.05) 
lower level of NE, and higher levebof 5-HT (p(O.OS) and ACh (p{0.02), 
than the CF-1 strain. GABA levels did not differ significantly. See 
Table III for further details. 
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As can be seen in Fig. 13, the C57BL.BY strain evidenced 
a more rapid acquisition of the CAR. The CS7BL/BY strain 
also made significantly more CAR responses than the CF-1 
strain (a total of 50 CAR's was possible for each mouse). 
Importantly, there were no significant between-group diff-
erences in climbing times. In fact, C57BL/BY strain lear~ed 
to avoid, its latency becoming less than 5 sees after 20 
trials contrary to CF-1 strains. 
3. Locomotor Activity 
There was no significant between strain di~ference in 
total activity level, nor was there a difference in activity 
level during the first 10 min of the session. Both groups 
showed habituation to the chamber as reflected by decreasec 
activity counts over time. The total activity counts exhi-
bited the CF-1 was 4286 + 286 and C57BL/BY Has 4194 + 197. 
D. DISCUSSION 
The results of these experiments support the hypothe-
sis that mouse strains which evidence high brain levels of 
5-HT and ACh, and a low NE content, acquire a CAR more 
rapidly than controls. The data also support t~e observation 
(Chapter VI) that activity level is not necessarily a pre-
dictor of avoidance conditioning ability, since the c57BL/ 
BY strain was not significantly different in locomotor acti-
vity than the CF-1 strain, yet acquired the avoidance task 
faster. In other words, activity level '!?er se \•las not 
associated with more rapid acquisition of the CAR as was 
seen in the experiments of Williams (1971). 
If the hypothesis is correct, and stress, or situations 
which mimic the neurochemical profile of stress (~igh brain 
Q.) 
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Consecutive Blocks of Five Trials 
Figure 13. Mouse strain differences in avoidance condition-
ing. An analysis of variance indicated sig-
nificant (p<0.003) strain and time, but not 
interaction effects. Significant (p(O.Ol,t-test) 
between gro~p differences in response latency ".-lere 
seen during trials 21-25, 26-30, 31-35 and 40-45. 
The superiority of the C57BL/BY mice in the avoid-
ance task also is indicated by their greater 
(p(0.05) total number of CAR's emitted (See 
inset.). For additional details see Fig.lO. 
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levels of 5-HT and Ach, but low central NE content~ facili-
tate the acquisition of a CAR, then other stressors which 
produce the same neuroche~ical profile also should facilitate 
CAR acquisition. 
In order to further study the effects of stress on 
neurochemistry and learning1 the effects of four stressors 
(other than foot shock) on avoidance conditioning and brain 
biochemistry were determined. These endeavors are elabora-
ted in the next chapter. 
CHAPTER VIII 
NEUROCHEMICAL AND BEHAVIORZ.l.L 
EFFECTS OF SENSORY DEPRIVATION AND 
STRESSORS OTHER THAN FOOT SHOCK 
A. INTRODUCTION 
The literature concerning the neurochemical effects of 
the four experimental procedures (isolation, olfactory bulb-
ectomy, glossopharyngealectomy, and enucleation) used in 
the following work is not extensive (cf. King and Cair~cross, 
1971; Pohorsely et al., 1971). 
King and Cairncross (1973) found that olfactory b~lb 
lesions did not appreciably affect a food re1varded bar press 
conditioned response in rats, but produced a deficit in a-
voidance conditioning which was related to a low activity 
level. Rats rendered anosmic by olfactory bulb lesions 
acquired the avoidance response nore slo\<1ly, but Here sirn-
ilar to sham operated controls in the total number of avoi-
dance responses emitted. Marks et al. (1971) demonstrated 
that olfactory bulb lesions resulted in a superior perfor-
mance by rats in a positively reinforced operant response. 
In that study, rats trained in avoidance tasks both active 
and passive, in contrast, were inferior to controls, and 
evidenced a lower activity level. Other studies have 
demonstrated that olfactory bulbectomy delays the acquisi-
tion of learned appetitive responses (Watson, 1970). 
These same investigators used the technique of prior 
fear conditioning in one section of their study. This 
procedure involved the pairing of an unconditioned stimul~s 
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(foot shock) with a conditional stimulus (opening a door or 
turning on a light) . The animals then were exnosed to the 
conditional stimulus alone. 
There are some inconsistancies in the literature as 
to whether prior fear conditioning facilitates or depresses 
subsequent avoidance learning. The data on one-way avoi-
dance (Baum, 1969; Slotnick, 1968), in general, suggests 
that a facilitatory effect predominates. De Toledo and 
Black (1967) reported that if shocks are paired with stimu-
li that signal danger, rats subsequently learn a one-way 
avoidance task faster than controls. Our earlier experi-
ments (Chapter III-VI) with foot shock stress might be in-
terpreted similarly. The observed facilitatory effect on 
avoidance conditioning may have in some way been due to 
pre-conditioning the mice to the fear of shock and the 
apparatus. 
King and Cairncross (1971) also reported that bulbec-
tomy produced decreases in telencephalic NE content, but 
no changes in hypothalamic NE or nlasma corticosterone le-
vels, compared to sham operatied controls. 
Pohorecky et al. (1969) showed that after a unilateral 
section of the olfactory tract a reduction in telencephal-
ic ~E was seen ipsilateral to the lesion. There was no re-
duction in hypothalamic NE. King (1969) suggested that 
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of CA and 5-HT. Valzelli (1967) reported that such behaviors 
or stress did not affect levels of 5-HT. Welch and Welch 
(1968) found a decreased level in central NE subsequent to 
such behavioral adaptation. Lagerspetz (1968) found that 
brainstem NE was increased, in isolated mice. The whole 
brain turnover rates of both NE and 5-HT, moreover, have 
been reported to be reduced in isolated animals (Garattini 
et al., 1967; Welch and Welch, 1969; Brain, 1975). Valzelli 
and Garattini (1969) observed decreases in mes-and dien-
cephalic 5-HIAA levels in isolated mice. Our laboratory 
has correlated decreases in brain CA and ACh content with 
aggressiveness in a vareity of genera and strains of mice 
(Karczmar and Scudder, 1969). Cholinergic drugs, both 
agonists and antagonists exer~ dependable and 
aggressive effects when applied to the limbic svstem and 
related structures (Decsi et al., 1969; Alli~~ets, 1974; 
Karczmar, et al., 1979). Also, besides eliciting various 
forms of aggression,cholinergic agonists facilitated rnuri-
cidal behavior (McCarthy, 1969), while atropinics given 
intracerebrally or systemically blocked isolation-induced 
and muricidal aggression, as well as several forms of 
electrically-elicited aggression. Isolation did not affect 
choline acetylase (Consolo and Valzelli, 1970) or ACh 
turnover (Karczmar and Dun, 1978). Fighting among pre-
viously isolated animals has been reported to be without 
significant effect on the synthesis and turnover of brain 
CA when estimated as their accumulation after MAO inhibition, 
and depletion after tyrosine hydroxylase inhibition 
(Welch and Welch, 1969) . Modigh (1976) found that 
brain tyrosine hydroxylase activity accelerated rapidly 
when isolated animals were brought together and began 
to fight. 
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Based on the above studies, isolation would seem to 
be stressful to animals and may result in subsequent changes 
in brain neurochemistry and behavior. If isolation is 
indeed stressful, our hypothesis would predict a facili-
tation of conditioned avoidance response acquisition with 
increased brain levels of 5-HT and ACh, and a decreased 
central level of NE. 
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B. EXPERIMENTAL DESIGN 
1. G1ossopharyngealectomy 
Male CF-1 mice (n=72) were used in these experiments. 
Bilateral glossopharyngealectomies (Chapter II, p.l7) were 
performed on one group (n=24), while a sham operation was 
performed on another group (n=24). An additional 24 animals 
served as untreated controls. After the operation, the mice 
were housed 2 per cage for 4 weeks. 
One half (n=l2)of the mice from each group of operated, 
sham-operated, and untreated controls were tested for loco-
motor activity in the LVE activity chambers (Chapter II, 
p-12), and, subsequently,in the conditioned avoidance task 
(Chapter II, P.7 ) . 
The remaining half (n=l2) of the mice in each group 
were sacrificed at a time corresponding to the comnletion 
of avoidance training in the above described ani~als, and 
their whole brain levels of NE and 5-HT determined. 
2. Enucleation 
Male CF-1 mice (n=l80) were used in these experiments. 
Sixty mice were enucleated (Chapter II, p.l8). A sham 
operation was performed on a second group (n=60) . An addi-
tional 60 animals served as untreated controls. After the 
operation the mice were placed with their mothers for 6 
weeks. 
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One half of the mice (n=30) from each group of operated, 
sham-operated and untreated controls were tested for loco-
motor activity in the LVE activity chambers (Chapter II, 
12 p. ) and1 subsequently, in the conditioned avoidance task. 
The remaining half of the mice (n=30) in each group 
were sacrificed at a time corresponding to completion of 
avoidance training in the above discribed groups and their 
whole brain levels of NE and 5-HT determined. 
3. Olfactory Bulbectomy 
Male CF-1 mice (n=l80) were used in these experiments. 
A bilateral olfactory bulbectomy (Chapter II, B 18 ) was 
perforned on one group (n=60) , while a sham operation was 
performed on another group (n=60). Sixty additional ani-
mals served as untreated controls. After the operation 
the mice were housed 2 per cage for 4 weeks. 
One halfof the mice (n=30) from each group of lesioned, 
sham operated,and untreated controls were tested for loco-
motor activity in the LVE activity chambers (Chapter II, P. 
12 and subsequently for their acquisition of a condition-' - . 
ed avoidance response in the "climbing screen'' (Chapter II, 
p . 7 ) • 
The remaining half of the mice (n=30) from each group 
were sacrificed at a time corresponding to the avoidance 
training and their whole brain levels of NE and 5-HT deter-
mined. 
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4. Isolation 
Male CF-1 mice (n=30) were isolated as described in 
ChaPter II (p. 12). 
group). 
These were divided into 3 arouos (n=lO/ 
. ~ -
In the first group (n=lO), isolation induced agg~ession 
was investigated (Chapter II, p. 12). Two nice were placed 
in the fighting chamber with a movable ste81 'i'lall between them. 
After 15 sec the wall was removed and the 2 mice allowed to 
"fight", the agqressive mouse, and the latency in sec frorrt 
the time of the removal of the dividing wall to the first 
appearance of either fierce wrestling or biting was recorded. 
Following completion of the experimental proced~re, the 
two mice were returned to their individual cages, the fiqht-
ing chamber was cleaned, and two different nice allowed to 
fight. In this way a "round-robin" of fights arona the ten 
mice was achieved. 
In the second group (n=lO), locomotor activity 'ivas 
measured in the LVE activity chambers (Chapter II, ~ 12). 
Subsequently these mice were tested, for their acquisition 
of a conditioned avoidance response in the "clinbing screen" 
(Chapter II, p. 7 ) . 
Whole brain levels of NE and 5-HT v1ere deterrrlined in a 
third group (n=lO) of isolated mice at a tine corresponding 
to the avoidance training in the second group. 
Locomotor activity also was measured in 10 other ag-
gregated male CF-1 mice which had received a total of 60 
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foot shocks immediately prior to being placed in the LVE 
activity chambers. 
C. RESULTS 
1. Biochemistry 
None of the different stressors (glossopharyngealectomy, 
Olfactory bulbectomy, enucleation and isolation) resulted in 
significant changes in whole brain NE or 5-HT concentrations 
(Table VI) . The sham and operated animals vlere not different 
from unoperated controls. 
2. Avoidance Conditioning 
An analysis of variance failed to reveal a significant 
effect of any of the four stressors on CAR acquisition. 
Their rates of CAR acquisition were indistinguishable from 
that of the non stressed CF-1 strain shown in Fig. 13. The 
total number of CAR's for each of the four stressors is as 
follows: 
glossa 
olfactory bulb 
isolation 
enucleation 
3. Locomotor Activity 
26 + 3 
31 + 5 
28 + 4 
27 + 3 
No significant differences in activity level for any 
of the experimental groups were found (Fig. 14). In the 
interest of calirty the sham operated animals are not in-
eluded in the figure; they did not differ significantly 
from the untreated control animals. 
4. Aggression 
Isolation resulted in a significant (R(·OOl) increase 
in aggression. Seventy percent of the isolated , ~imals fought. 
It was our intention to determine only if the animals were 
aggressive since uggressiveness might be an indicator of the 
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stressful nature of isolation in ~ice. 
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NE 5-II'l' 
(nq/q) ± sro:M (ng/g) ± SEM 
Control 276 ± 61 873 ± 50 
Glossopharyngealectomy Sham 230 ± 21 903 ± 39 
Operated 247 ± 18 876 ± 36 
Control 237 ± 51 906 ± 91 
Olfactory Bulbectomy Sham 250 ± 19 840 ± 21 
Operated 267 ± 25 843 ± 41 
Control 233 ± 26 824 ± 91 
Enucleation Sham 290 ± 39 867 ± 12 
Operated 241 ± 21 837 ± 66 
Control 268 ± 30 900 ± 24 
Isolation Isolated 247 ± 36 871 ± 91 
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Figure 14. Failure of five different stressors to affect 
locomotor activity. An analysis of variance 
failed to reveal a significant treatnent or inter-
action effect. The time effect, however, was 
highly significant (p(O.OOl~ indicating that the 
groups showed rapid habituation. Inset: Total 
activity counts during session following each 
stressor. A t-test revealed no significant diff-
erences in total activity between any of the groups. 
OB: olfactory bulbectomy; Gloss: glossopharyngeal-
ectomy; Enuc: enucleation; Iso: social isolation; 
Shock: Foot shock stress (60 shocks, 1 per min). 
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D. DISCUSSION 
The results of these experiments are quite surprising 
in light of the findings by King and Cairncross (1973). 
These authors found a decrease in NE level, and a decrease 
in the acquisition of a conditioned avoidance response after 
olfactory bulbectomy. In our experi~ents whole brain levels 
of NE were measured, whereas King and Cairncross (1973) 
measured hypothalamic and telencephalic levels of NE after 
olfactory bulb lesions. Thus, small changes may have been 
undetected in our whole brain analysis. Our experi~ents 
also failed to confirm the findings of King and Cairncross 
with regard to the slower acquisition of a conditioned 
avoidance response following olfactory bulbectorny. In 
hosrt, none of the stressors employed in the present experi-
ment affected either whole brain 5-HT or NE level, or CAR 
acquisition. Likeiwse, none of the stressors used produced 
a significant effect on activity level. 
In our hands, isolation produced aggressive behavior 
but failed to affect whole brain monoamine concentrations, 
avoidance conditioning, or activity level. 
Our hypothesis, therefore, was neither proven nor 
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disproven by this series of experiments, since no chan9es 
were seen in neurochemistry or behavior. The possibility 
exists that the stressors simply were not of sufficient 
strength to produce appreciable effects on whole brain 
neurotransmitter levels, avoidance acquisition or loco-
motor activity. 
CHAPTER IX 
SUMMi\.RY, CONCLUSIONS Jl.ND SPECULATIONS 
Mice were subjected to differing numbers of foot shocks. 
Whole brain NE level decreased,whereas 5-HT, ACh arid GABA 
concentration increased as a result of 30 or more (but not 
20 or less) foot shocks. The decrement in NE was evidenced 
only in the meso-diencephalon. The whole brain turnover 
rate of NE was increased, while the turnover rate of Ach 
v1as decreased after foot shock. Levels of 5-HIAA in whole 
brain after foot shock stress were not significantly alter-
ed, although they tended to increase. 
Foot shock stress facilitated the acquisition of a condi-
tioned avoidance response (CAR). However, of the drugs 
studied, only d. -HPT, a tyrosine hydroxylase inhibitor, pro-
duced a facilitation in the acquisition of a CAR. This 
change in CAR acquisition was associated with a decrease in 
whole brain NE level. 
Presumed reduction in ACh efficiency at muscarinic re-
ceptors following scopolamine administration reduced both ~otor 
activity level and the rate of CAR acquisition. The cat-
echolamine precursor, L-DOPA, howeve~ reduced activity 
level without affecting CAR acquisition. Drug induced 
changes in 5-HT level following either pCPA or 5-HT~ further-
more , did not affect either behavioral measure. 
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Mice \•lhich v1ere shocked but allm·1ed to escape in t~e 
avoidance conditioning "cliE"lbing screen" did not evidence 
any changes in the neurochemical measures studied. Further-
more, subsequent avoidance conditioning tendec. to "nomalize" 
whole brain 5-H~ but not N~ levels, which had been changed 
due to prior foot shock stress. 
A strain of Mls musculus (C57BL/BY) , ... .,~ic~ ex:;.ibi ted 
lower endogenous levels of NE and higher levels of brain 
5-HT and Ach compared to another strain of ~us ~usculus 
(CF-1), showed a superior performance in the av~idance ac-
quisition task, but no significant difference i~ activity 
level. 
Other stressors, including glossopharyngealectomy, ol-
factory bulbectomy, enucleation and social isolation, did 
. . 
not produce changes in brain 5-HT and NE concentrations, 
CAR acquisition or activity level. 
The facilitatory effect of stress on avoidance learning, 
thus, probably was not due to increased locomotor activity. 
Rather, it is concluded that the shock-stress induced 
changes in the central concentrations and/or metabolism of 
NE, 5-HT and ACh (and possibly GABA) may cause t~e organis2 
to assume a "readiness" posture, enabling it to react to 
novel situations more quickly and accurately. Once the task 
(trial and error) has been mastered (learning), the concen-
tration and/or metabolism of the neurotransmitters (especially 
5-HT) may return to "normal" levels. Fluctuations in the acti-
vity of these ne~rotransmitter systems, thus, may modulate the 
ability of an animal to adapt to stress and mediate the coping 
response. 
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These systems may modulate trial and error behavior causing 
certain behavioral sequences to be executed. T~e results 
of these experiments suggest, furthermore, that once an adap-
tive behavioral sequence has been established and consol-
idated, the neurotransmitter systems return to normal levels 
of activity. 
The mechanism remains to be elucidated but these experi-
ments suggest that during stress, catecholaminergic syste~s 
may be activated (increased turnover rate and decreased 
concentrations). During stress, cholinergic activity ~ay 
be decreased (decreased ACh turnover and increased ACh level) , 
thereby, facilitating consolidation. 
The serotonergic system may be activated in stressful 
circumstances by a feedback mechanism, especially following 
activation of the pituitary-adrenal axis. During stress, 
plasma corticosterone levels are increased. A feedbac~ 
action on 5-HT neurons is suggested by the results of 
intraventricular administration of 5-HT; an attenuation 
of the increase in plasma corticosterone caused by stress 
(Verme et al., 1973) was found. 
A number of further experiments are suggested by these 
results. For example, the effect of "stress-relieving" drugs, 
such as chlordiazepoxide, on the neurochemical and behavior-
ial profile during stress should be evaluated. It also would 
be interesting to test selective neurotransmitter receptor 
blocking agents and reuptake inhibitors on animals during 
stress. One sequel to the work reported in this thesis is 
underway. 
2.23 
Our laboratory (Scudder et al. , 197 6) , and ot::ers 
(Kahn, 1975) have examined the alcohol preference of rn1ce 
which exhibit a high endogenous brain level of serotonin 
and a low central norepinephrine content. The results 
suggest that those animals, especially Mus musct:lus C57BL/6 
exhibit a higher preference for alcohol. It would be of 
interest to examine alcohol preference in foot shock 
stressed mice. Alcohol ingestion may be a "stress-reliev:..:::.g" 
agent in mice. 
The results presented in this dissertation may serve 
as a guide to future studies concerning the role of selec~ 
neurotransmitter systems in mediating distinct learning 
processes. 
124 
B IBLI OGRZ\PHY 
Aghajanian, G.K. and Asher I.M. (1971). Histochemical 
fluorescence of raphe neurons: selective enhancement 
by tryptophan. Science 172: 1159-1161. 
Ahlenius, S. (1973). Inhibition of catecholamine synt~esis 
and conditioned avoidance acquisition;Pharmacol. 
Biochem. Behav. 1: 347-350. 
Anakhina, I.P., Zabrodin, G.D. and Svirionovski, I. (1973)· 
IaE Neurochemical mechanisms of formation of 
psychopathologic conditions due to emotional 
stress. Zh, Nevropatol. Psikhiatr, ?_]_: 1825-33. 
Anden, N.E. and Bed~rd, P. (1971)~ Influence of 
cholinergic mechanisms on the function and 
turnover of brain dopamine. J.Pharm. Pharmacal. 
23: 460-462 
Anlezak, G.M., Crow, T.J., and Greenway, A.P., (1973)• 
Irnpaired learning and decreased cortical norepineDhrine 
after bilateral locus coeruleus lesions. Science 
181 : 6 8 2 -- 6 8 4 • 
Antelman, S.M., and Caggiula,A(l975). Norepinephrine-
dopamine interactions and behavior. Science 195 
646-649. 
Antelman S.M. and Caggiula A.P. (1977). Tails of stress-
related behavior: A neuropharmacological model. 
In: Models in Psychiatry: Stress, Anxiety, 
Aggression. Vol V. 227-245. 
Agranoff, B.W. (1975)~ Neurotransmitters. Fed. Proc. 
3 4 : 1911-·1914 . 
Bailey, D.H. (1971), 
Transplantation 
Recombinant inbred strains. 
11: 325-327.-. 
Baldessarini, R.J. {1972), 
Ann. Rev. Bed. 23~ 
Biogenic amines and behavior. 
343-54. 
Barchas, J.D. and Freedman,D. (1963). Brain amines; Response 
to physiological stress, Biochem. Pharmacal. 12. 1232 
Bartholini, G., and Pletscher, A. (1971). Atropine induced 
changes of cerebral dopamine turnover.Experientia 
2 7 : 13 () 2 --13 0 3 . 
Baum, M. (1969). Dissociation of respondent and 0?2~~~t 
processes in avoidance learning. J. C0!1D. ?:-:''siol. 
Psychol. 67: 83-88. 
125 
Bernard, B.K., Finkelstein, E.~., and Everett, 
Alterations in mouse aggressive behavior 
monoamine dynamics as a function of age. 
Physiol. Behav. ~5: 731-736. 
(1975). 
Bevan, A., Bloom, W.L. and Lewis, G.T. (1951). Levels 
of aggressiveness in normal and amino-acid deficient 
albino rats. Physiol. Zool. ~: 231-237. 
Bliss, E.L., Ailion, J. and Zwanziger, J. (196a). 
Metabolism of norepinephrine, serotonin an~ doDa~ine 
in rat brain with stress. J. Pharmacal. ExD. 
Ther. 164: 122-134 
Bliss, E.L. and Ailion, J. (1969). ResPonse of neurogenic 
amines to aggregation and strangers. J. Phar~acol. 
Exp. Ther. ln8: 258-263 
Bliss, E.L., Thatcher, W. and Ailion, J. (1972). 
Relationship of stress to ~rain serotonin and 
5-hydroxyindoleacetic acid. J. Psychiatr. ~es. 
9: 71-80. 
Bliss, E.L., Frishchat, A. and Samuels, L. (1972). 
Brain and testicular function. Life Sci. (I) 
11: 231-238 
Brain, P. and Nowell, N.W. (1970). Some observations 
on intermale aggression testing in albino mice. 
Comm. Behav. Biol. 5: 7-17. 
Brain, P. (1972). Effects of isolation-grouping 
on endocrine function and fighting behavior in 
male and female golden hampster. Behav.Biol. 
7: 349-357. 
Brain, P. (1975}. What does individual housing mean 
to a mouse? Life Sci. 16: 187-200. 
Brimblecombe, R.~'-1. and Buxton, D.A. (1971). Behavioral 
actions of anticholinergic drugs. Biochem. and 
Pharm. Mech. Underlying Behavior. In: Progress in 
Brain Res. Eds. Bradley, P.B. and Brimbleco~be, 
R.~v., Elsevier Amsterdam. 115-133. 
126 
Bronson, R.H. and Eleftheriou, B.E. (1965). Relative 
effects of fighting on bound and unbound corticosterone 
in mice .. Proc. Soc. Exp. Biol. t-1ed. 118: 14 6-149. 
Brown, B.S. and Van Buss, N. (1973). Exercise and rat 
brain catecholamines. J. Appl. Physiol. 34: 664-669. 
Brown, R.M., Snider, S.R. and Carlsson, A. (1974). 
Changes in biogenic amine synthesis and turnover 
induced by hypoxia and/or foot shock stress. 
II. The central nervous system. J. Neural. Transm. 
35: 293-305. 
Cajal, S.R. (1911). Histologic du systeme nerveux de'Homne 
des Vertebres 1-11. Maloine, Paris. 
Cannon, W.B. Stresses and strains of homeostasis. (1935) 
Am.J. Med. Sci. 189: 1-86. 
Carr, L.A. and Moore, K.E., (1968). Effects of reserpine 
and alpha-methyltyrosine on brain catecholamines 
and the pituitary-adrenal response to stress. 
Neuroendocrinology 3: 285-296. 
Clarke, D.E. and Sampath, S.S. (1976). Studies on the 
functional role of interneuronal monoamine oxidase. 
J. Pharmacal. Exp. Ther. 187: 539-549 
Connor, R.L., Vernikos-Danellis, J. and Levine, S. (1971)~ 
Stress, fighting and neuroendocrine function. Nature 
234: 564-566. 
Cooper, B.R., Breese, G.R., Grant, L.D. and Howard, J.L. 
(1973). Effects of 6-hydroxy-dopa.mine treatments on 
active avoidance responding: Evidence for involvement 
of brain dopamine. J.Pharmacol.Exptl. ~herap. 
185: 358-370. 
Corradi, H., Fuxe, K. and Hokfelt, T. (1968). The effect 
of immobilization stress on the activity of central 
monoamine neurons Life Sciences 7: 107-111. 
Corradi, H., Fuxe, K., Lidbrink, P. and Olson, L. (1971) 
Minor tranquilizers, stress and central catecholamine 
neurons. Brain Res. 29: 1-16. 
Costa, E. (1971). Methods for measuring indolealkylamine 
and catecholamine turnover rate "in vivo",. In~ 
Chemistrv and Development. Plenum Press·.New York, 
169-186.~ 
Consolo, S. and Valzelli, L. (197 0) . Brain choline acet':lase 
and monoamine oxidase activity in normal and asgre~si~e 
mice. Eur. J. Pharmacal. 13: 129-130. 
Curzon, G. (1971). Effects of adrenal hormones and stress 
on brain serotonin. ~~- J.Clin Nutr. 24: 830-834. 
Curzon, G. (1972). Relationships between stress and brain 
5-hydroxytryptamine and their possible significance 
in affective disorders. J. Psychiatr. Res.~:243-252. 
Curzon, G., Joseph, M.H. and Knott, P.J. (1972). Effects 
of immobilization and food deprivation on rat brai~ 
tryptophan metabolism. J. Neurochem. 19: 1967-1974. 
Curzon, G. (1974)• Availability of tryptophan to t~e brain 
and some hormonal and drug influences on it. 
Adv. Biochem.Psychopharm. 10: 263-271. 
Crow, T.J. (1972). Catecholamine containing neurons and 
electrical stimulation I. Psychol. Med. ~: 414-421. 
Crow, T.J. (1973). Catecholamine containing neuro~s and 
self stimulation II.Psychol. Med 3: 66-73. 
Coury, J.N. (196~. Neural correllates of food and water 
intake in the rat. science 156: 1763-1765. 
127 
Dahlstrom, A. and Fuxe, K. (1964). Evidence for t~e 
existence of monoamine containing neuro~s in the 
central nervous system I. Demonstration of monoarnines 
in the cell bodies of brain stem neurons. 
Acta Physiol. Scand. Suppl. 232: 1-55. 
Dale, H. (1938) Acetylcholine as chemical transmitter of 
effects of nerve impulses. J. Mt. Sinai Hosp. 
4: 401-415. 
Debijadji, R., Varogic, U., Dekleva, N., Elcic, s., 
Stefanovic, M., Davidovic, J. and Marisavljevic, T. 
(1965) . The effect of severe hypoxic hypoxia in 
the decompression chamber on the catecholamine 
content of the hypothalamus in the cat. 
Experientia 21: 153. 
Decsi, L. and Karmos-Vorszegi, M. (1969). Fear and escape re-
action evoked by the intrahypothalamic injection of D-
tubocurarine in unrestrained cats. Acta Physiol. Sci. 
Hung. 36: 95-104. 
Dixit, B.N. and Buckley J.P. (1969). 
hydroxytryptamine and anterior 
by stress. Neuroendocrinology 
Brain 5-
pituitary activation 
4:32-41. 
Eichelman, B~ and ~hoa, N.B. (1973}. The aggressive 
monoamines. Biol. Psychiatry 6:143-164. 
Eichelman, B., Orenberg., E., Seagraves, E. and Barchas, 
J. (1976) Influence of social setting on the 
induction of brain cyclic AMP in response to 
electric shock in the rat. Nature 263: 433-434. 
II 
Elde, R., Hokfelt, T., Johasson, O. and Terenius, L. 
(1976) Immunohistochemical studies using anti-
bodies to leu-enkephalin: initial observations on 
the nervous system of the rat. Neuroscience 
1: 349-355 
Eleftheriou, B.E., and Church, R.L. (1968). Brain levels 
of serotonin and norepinephrine in mice after 
exposure to aggression and defeat. Physiol. Behav. 
}_:977-992. 
128 
Eleftheriou, B.E. and Bailey, D.W. (1972). A gene controllinq 
plasma serotonin levels in mice. J. Endocrinoloqy 
55: 225-226. 
Engel, J. and ~1odigh, K. (1974). Tryptophan-induced 
suppression of conditioned avoidance behavior in 
rats. Advan. Biochem. Psychopharm. 11: 405-410. 
Essman, ~'l.B. (1966), The development of activity differences 
in isolated and aggregated mice. Animal Behav. 4: 
406·-409. 
Essman, W.B. (1970~ Some neurochemical correlates of 
altered memory consolidation. In: Transactions 
of the New York Academy of Sci. 32: 948-973. 
Essman, W.B. (1974~ Brain 5-hydroxytryptamine and memory 
consolidation. Adv. Biochem. Psychopharmacol 11: 
265-274. 
Faiman, D.D., Nolan,R.J. and Baxter, C.F. (1977),. Brain 
gamma-aminobutyric acid, glutamic acid decarboxylase, 
glutamate, and ammonia in mice during hyperbaric 
oxygenation. J Neurochem. 28: 861-865. 
Fibiger, H.C., Carter, D.A. and Phillips, A.G. (1976). 
Decreased intracranial self-stimulation after 
neuroleptics or 6-hydroxydopamine: Evidence for 
mediation by motor deficits rather than reduced 
reward" Psychopharmac. !Z_: 21-27. 
Fonnum, F., Grofova, J. and Rinvik, E. (1974). Origin and 
distribution of glutamate decarboxylase in substantia 
nigra of the cat. Brain Res. 71: 77-82. 
Francesconi, R. and Mager, M. (1974). Cold exposure: effects 
on hepatic tryptophan oxygenase and tyrosine amino-
transferase, plasma tryptophan and tyrosine, and 
brain monoamines. ~xpPrientia 30: 233-235. 
129 
Fulginiti,S.and Orsingher, O.A. (1971). Effects of learning, 
amphetamine and nicotine on the level and synthesis 
of brain noradrenaline in rats Arch. Intern. Pharm. 
190: 291-298. 
Fuxe, K. and Hanson, L.C.F. (1967), Central catecholamine 
neurons and conditioned avoidance behavior~ 
Psychopharmacologia ~1: 439-447. 
II 
Fuxe, K., Corradi, H., Hokfe1t, T. and Jonsson, G. 
(1970)·Central monoamine neurons and pituitary-adrenal 
activity. Prog. Brain. Res. 32:42-56. 
Fuxe, K., Butcher, L. and Engle, J. (1971). DL-5-
hydroxytryptophan induced changes in central 
monoamine neurons after decarboxylase inhibition. 
J. Pharm. Pharmacal. 23: 420-424. 
Garattini, S., Giacalone, E. and Valzelli, L., 
(1967). Isolation, aggressiveness and brain 
5-hydroxytryptamine turnover. J. Pharm. 
Pharmacal. 19: 338-339. 
Gessa, G.L. and Tagliamonte,T. (1974) Role of brain 
monoamines in male sexual behavior. Life Sci. 
14: 425-436. 
Gibson, S., McGeer, E.G. and McGeer, P.L. (1969). 
Metabolism of catecholamines in cold-exposed rats. 
J.Neurochem. 16: 1491-1493. 
Glisson, S.N., Karczmar, A.G. and Barnes,L. (1972). 
Cholinergic effects on adrenergic transmitters in 
rabbit brain parts. Neuropharmacology 11: 465-477. 
Glmvinski, J., Besson, M.J., Cheramy, A. and Thierry A.H. 
(1972), Disposition and role of newly synthesized 
amines in central catecholaminergic neurons. 
Adv. Biochem. Psychopharmacol. ~:93-109. 
Goldberg, M.E. and Salama A.I. (1970). Relationship of 
brain dopamine to stress-induced changes in seizure 
susceptibility. Eur.J.Pharmacol.l~:333-338. 
Goldfoot, M. J. and Baum, J. (1972)" Initiation of 
mating behavior in developing male rats following 
peripheral electric shock. Physiol.Behav. 
8: 857-863. 
Haubrich, D.R. and Reid, w.D. (1974). Enzymic radioassay for 
acetylcholine in brain. Analyt. Biochem. 42: 390-397. 
Hedge, G.A., Van Ree, J .M., and Versteeg, D. H. (1976)c 
Correlation between hypothalamic catecholamine 
synthesis and ether stress-induced ACTH secretion. 
Neuroendocrinology 21: 236-246. 
130 
Heide, K.G. and Peters, K. (1970)~ Serotonin and histamine 
content in different org ns of the rat following 
stress and alcohol load. Beitr. Gerichl. 
Med.27: 303-309. 
Henry, J.P., Meechan, J.P. and Stephens, P. 
(1967). The use of psychosocial stimuli to induce 
prolonged systolic hypertension in mice. 
Psychosom. Med. 29: 408-432. 
Hill, B.A. ( 19 61 ). Principles of Medical Statistics. 
Oxford University Press 1 England. 
Hitzemann, R.J., Loh, H.H. and Domino, E. (1972). 
Effect of scopolamine on the cerebral accumulation 
of 14c-catecholarnines from 14c-tyrosine. 
Pharmacology 8:291-299. 
Howard, J.L., Grant, L.D. and Breese, G.R. (1974). 
Effects of intracisternal 6-hydroxydopamine 
treatment on acquisition and performance of rats 
in a douhle T-maze. J. Comp. Physiol. Psychol. 
86 : 995-1007. 
Hull, E.M., Basselli, L. and Langan, C.J. (1973). 
Effects of isolation and grouping on guinea pigs. 
Behav. Biol. 9: 493-497. 
Huttunen, M.O. (1971). Persistent alteration of turnover 
of brain noradrenaline in the offspring of rats 
subjected to stress during pregnancy. 
Nature 230:53-55. 
Jouvet, M. ( 1972 ). The role of monoarnines and 
acetylcholine-containing neurons in the regulation 
of the sleep-waking cycle. Ergebn. Physiol . .§_!:l66-307· 
Kahn, A.J. (1975). Changes in ethanol consumption by 
C3A and CF-1 mice with age. J. Stud. Alcohol. 
36: 1107-1123. 
Karczmar, A.G., Scudder, C.L. and Richardson, D. (1973): 
Interdisciplinary approach to the study of behavior 
in related mice types. The Neurosciences, Vol II. 
Academic Press. 159-244. 
Karczmar, A.G. (1974). The chemical coding via the 
cholinergic system. Its organization and behavioral 
implications. In: Neurochemical Coding of Brain 
Function. Eds. Drucker-Colin A. and Myers, R. D. 
Plenum Press, N.Y. 399-417. 
131 
Karczmar, A.G. (1976). Central actions of acetylcholine, 
cholinomimetics, and related drugs. In: Biology 
of Cholinergic Function. Eds. A. M. Goldberg and 
I. Hanin, Raven Press, N.Y. 395-449. 
Karczmar, A.G. (1977). Multitransmitter mechanisms 
underlying selected function, particularly aggression, 
learning and sexual behavior. In: Enterrelationships 
between various neurotransmitters. Eds. A. G. 
Karczmar and J. Glowinski. 
Karczmar, A. G. and Dun, N.J. (1978). Cholinergic 
synapses: physiological, pharmacological and 
behavioral consideration. In: Psychopharmacology: 
A Generation of Progress. Eds. M. A. Lipton, 
A. Di Mascio and K. F. Killam. Raven Press, 
New York, 293-305. 
Karczmar, A.G., Richardson, D. L. and Kindel, G. (1979). 
Neuropharmacological and related aspects of animal 
aggression. Progress in Neuropharmacology. In 
Press. 
Kety, s. s. (1972). Norepinephrine in the central nervous 
system and its correlations with behavior, In: 
Brain and Human Behavior. (Karczmar, A. G. and 
Eccles, J. c., Eds.) Springer Verlag, N.Y. 115-128. 
King, M. D. and Cairncross, D. D. (1974}. Effects of 
olfactory bulb section on brain noradrenaline, 
corticosterone and conditioning in the rat. 
Pharmacal. Biochem. Behav. 2: 347-353. 
Kobayashi, R. M., Palkovits, M., Kizer, J. S., Jacobowitz, 
D. M. and Kopin, I. J. (1976}. Selective alterations 
of catecholamines and tyrosine hydroxylase activity 
in the hypothalamus following acute and chronic 
stress. In: Usdin E. et al. Ed: Catechoalmines 
and Stress. Oxford: Pergamon Press, 29-38. 
Kohasi, Y. and Oka, Y. (1973). Effect of cold stress on 
tissue norepinephrine, plasma NEFA, glucose and 
colonic temperature in alloxan diabetic rats. 
Folia Pharmacal. Jpn. 69: 239-248. 
Kohler, c., Lorens, S.A. (1977). Open field activity 
and avoidance behavior following serotonin depletion: 
A comparison of the effects of parachlorophenyla-
lanine and electrolytic midbrain raphe lesions. 
Pharmacal. Biochem. and Behav. 8: 223-233. 
Korf, J., Roth, R.H. and Aghajanian, G.K. (1973). 
Alterations in turnover and endogenous levels of 
norepinephrine in cerebral cortex following stimu-
lation and acute axotomy of cerebral noradrenergic 
pathways. European Journal of Pharmacology 23: 
276-285. 
132 
Krantz, K.D., and Seiden, L.S. (1968). Effects of 
diethyldithiocarbamate on the conditioned avoidance 
response of the rat. J. Pharm. Pharmacal. 20: 166-186. 
Krnjevic, K., Randic, M., and Straughan, D.W. (1966). 
An inhibitory process in the cerebral cortex. J. 
Physiol. London 184: 16-48 
Kuypers, H.G., Kienit, J., and Groen-Klevant, A.C. 
(1974). Retrograde axonal transport of horse-
radish peroxidase in rats forebrain. Brain Research 
67: 211-218. 
Kvetnansky, K., Albrecht, I., Torda, T., Saleht N., 
Janova, E. and Miklulaj, L. (1975). Effect of stress 
on catecholamine synthesizing and degrading enzymes 
in control and spontaneously hypertensive rats. 
In: (Usdin, E. et al., Ed.) Catecholamines and stress, 
Oxford Perg. Press,~37-247. 
Ladisich, w. (1974). Stress and serotonin metabolism in 
various: regions of rat's central nervous system. 
Arzneim Forsch. 24: 1025-1027. 
Ladisich, W. (1975). Influence of stress on regional 
brain serotonin metabolism after progesterone treat-
ment and upon plasma progesterone in the rat. J. 
Neurol. Trans. 36: 33-42. 
Lagerspetz, J.J. (1961). Genetic and social causes of 
aggressive behavior in mice. Scand. J. Psychol. 
2: 157-163. 
Lagerspetz, K.H., Tirri, R. and Lagerspetz, J.J. (1968). 
Neurochemical and endocrinological studies of Tiice 
selectively bred for aggressiveness. Scand. J. 
Psychol. ~: 157-160. 
La Vail, J.H. (1975). The retrograde transport method. 
Fed. Proc. 34: 1018-1024. 
Leblanc, J. (1976). The role of catecholamines in 
adaption to chronic and acute stress. Can. J. 
Physiol. and Pharmacol. 49: 96-121. 
Legrand, M., Strzalko, S. and Beauvallet, M. (1971). 
Norepinephrine level of various cerebral areas in 
rats exposed 4 hours to heat or cold. J. Physiol. 
(Paris) ~: 322-325. 
Lewy, A.J. and Seiden, L.S. (1972). Operant behavior 
changes norepinephrine metabolism in rat brain. 
Science 175: 454-458. 
Lidbrink, P., Corrodi, H., Fuxe, K. and Olson, L. (1972). 
Barbiturates and meprobamate: decreases in catec~o­
lamine turnover of central dopamine and noradrenaline 
neuronal systems and the influence of i~~obilization 
stress. Brain Res. 45: 507-521. 
Lloyd, K.G., Davidson, L., and Hornykiewics, 0. (1973). 
133 
Metabolism of L-DOPA in the human brain. In: Progress 
in the Treatment of Parkinsonism. D.B. Calne, Ed. 
Adv. Neurol. 3: 128-188. 
Loewi, 0. and Navratil. (1926). Dever homorale uebertrag-
barkeit der herznervenwirkung. XI. Mitteilung. 
Uever den mechanismus der baguswirkung von physostigmin 
und ergotamin. Pflugers Arch. Ges. Physiol. 214: 689-696. 
Loginova, G.A. (1973). Monoamine oxidase activity in 
the tissues of rabbits under acute stress. Biull. 
Eksp. Biol. Med. 75: 18-20. 
Lorens, S.A., Sorenson, J.P. and 
Behavioral and neurochemical 
the raphe system of the rat. 
Psychol. 77: 48-52. 
Yunger, L.M. {1971). 
effects of lesions in 
J. Comp. Physiol. 
Lorens, S.A., Sorenson, J.P. and Harvey, J.A. (1970). 
Lesions in the nucleo accumbens septi of the rat: 
behavioral and neruochemical effects. J. Comp. Physiol. 
Psychol. 75: 284-290. 
134 
Lorens, S.A. (1978). Some behavioral effects of serotonin 
depletion depend on method. A comparison of 5,7-
dihydroxytryptamine, p-chlorophenylalanine, p-chloro-
amphetamine, and electrolytic raphe lesions. Ann. New 
York Acad. Sci. 305: 532-555. 
Maickel, R.P., Cox, R.H., Saillant, J. and Miller, F.P. 
(1968). A method for the determination of serotonin 
and norepinephrine in discrete areas of rat brain. 
Int. J. Neuropharmacol. 2= 275-281. 
Mandel, P. and Evel, A. (1974). Correlations between 
alterations in cholinergic system and behavior. In: 
Neurochemistry of Cholinergic Receptors, Ed. E. De 
Robertis and J. Schacht. Raven Press, New York. 
Mark, J., Heiner, L., Mandel, P. and Godin, Y. (1969). 
Norepinephrine turnover in brain and stress reactions 
in rats during paradoxical sleep deprivation. Life 
Sci. 8: 1085-1094. 
Marks, H. E. , 
(1973). 
bulbs of 
Physiol. 
Remley, N.R., Seago, I.D. and Hastings, D.W. 
Effects of bilateral lesions of the olfactory 
rats on measures of learning and motivation. 
Behav. 7: 1-6. 
Matthies, H., Rauca, C. and Liebmann, H. (1974). Changes 
in the acetylcholine content of different brain regions 
of the rat during a learning experiment. J. Neurochem. 
23: 1109-1113. 
Maynert, E.W. and Levi, R. (1971). Stress-induced 
release of brain NE and its inhibition by drugs. J. 
Pharmacal. Exptl. Ther. 143: 90-95. 
McGeer, P~L. and McGeer, E.G. (1975). Evidence of 
glutamic acid decarboxylase contained interneurons 
in the neostriatum. Brain Research, 21:_: 331-335. 
Menon, M.K. and Dandiya, P.C. (1969). Behavioral and 
brain neurohormonal changes produced by acute heat 
stress in rats: influence of psychopharmacological 
agents. Eur. J. of Pharmacology 8: 284-291. 
Merlo, A.B. and Izquierdo, I. (1965). Effects of 
inhibitors of O-methyltransferase and o~ 
adrenergic blocking agents on conditioning 
and extinction in rats. r1ed. Pharmacal. 
Expt. !l: 217-221. 
Miller, N.E. 
brain 
(1965). 
Science 
Chemical coding of behavior in the 
148 328-338. 
Miller, N.E. (1967): Certain facts of learnin? relevant 
to the search for its physical basis. The Neuro-
sciences. Quarton, Melnechuk, Schmidt (Eds.) 
Rockefeller Univ. Press: N.Y., 643-652. 
l35 
I1odigh, K. (1974). Functional aspects of 5-hydroxytrypta:-:-.i:-te 
turnover in the central nervous system. Acta 
Physiol. Scand. (Suppl) 403:1-56. 
Moore, K.E. and Lariviere, E.W. (1964), Brain a.:-:tines and 
emotional stress, Biochem. Pharmacol. 13:1098-1115. 
Morgan, W.W., Rudeen, P.K. and Pfeil, K.A. (1973). Ef::ects 
of immobilization stress on 5-HT content and TR in 
regions of the rat brain. Science 148:328. 
Morgan, W.W., Reiter, R.J. and Pfeil, K. (1976). 
Hampster pineal noradrenaline: levels over a 
regulated lighting period and the influence of 
superior cervical ganglionectomy. Life Sci. 19: 
437-440. 
Morris, D. (1954). The reproductive behavior of the 
zebra finch (Pocphila guttata), with special reference 
to pseudo female behavior and displacement activities. 
Behavior 6: 271-278. 
Myers, R.D. (1974). An integrative model of monoamine 
and ionic mechanisms in the hypothalamic control 
of body temperature. In: Proc. 2nd Symp. on 
Pharmacal. of Thermoregulation. Karger: Basel 1 
247-256. 
Naik, S.R., Anjaria, R.K. and Sheth, U.K. (1970). 
Studies on rat brain acetylcholine and cholinesterase. 
Effect of body weight, sex, stress and C.N.S. 
depressant drugs. Indian. J. Hed. Res. ~: 4 7 3-4 7 9. 
Neckers, L.M., Zarron, M.X., Meyers, M.M. and Denenberg 
V. H. (1975), Influence of olfactory bulbectonv and 
the serotonergic system upon intermale aggression 
and maternal behavior in the mouse. Pharmacal. 
Biochem. Behav. 3:545-550. 
Neff, N.G., Yang, H.Y. and Garelis, E. (1974)~ 
Biogenic amine-containing neurons: 
biochemical mechanisms of synaptic transmission. 
Psychother. Psychosom. ~~: 159-168. 
Neilson, H.C. and Fleming, R.M. (1968). Effect of 
electroconvulsive shock and prior stress on 
brain amine levels. Exptl. Neurol. 20: 21-35. 
Nygren, L.G. and Olson, L. (1976)· On spinal noradrenaline 
receptor supersensitivity: correlation between 
nerve terminal densities and flexor reflexes 
136 
various times after intracisternal 6-hydroxydopamine. 
Brain Res.ll6: 455-470-
Nygren L. G. and Olson, L. (1977). A new major projection 
from locus coeruleus: the main source of noradrenergic 
nerve terminals in the ventral and dorsal columns 
of the spinal cord. Brain Res. 132:85-93. 
Olds, J., Yuwiler, A., Olds, M.E. and Yun, C. (1964). 
Neurohumors in hypothalamic substrates of reward, 
Amer. J. Physiol. 207: 24.2-246. 
Oliverio, A. (1967). Contrastina effects of scopolamine 
on mice trained simultaneouslv with two different 
schedules of avoidance conditioning. 
Psychopharmacologia (Berlin) 11:39-51. 
Oliverio, A., Eleftheriou, B.E. and Bailey, D.W. (1973). 
A gene influencing active avoidance performance 
in mice. Physiology and Behavior 2:497-501, 
Oliverio, A., Castellano, C., Ebel, A. and Mandel, P. 
(1974). A genetic analysis of behavior: A 
neurochemical approach. Advan. Biochem. Psychopharm. 
11: 411-418. 
Ordy, J. M., Samorajski, T. and Schroeder, P. (1966). 
Concurrent changes in hypothalamic and cardiac 
catecholamine levels after anesthetics, tranquilizers 
and stress in a subhuman primate. J. Pharmacal. 
Exp. Ther. 152: 445-452t 
Par, E.W.P. and Livingston, A. Jr. (1970), Brain nore-
pinephrine and stomach ulcers in rats exposed to 
chronic conflict. Physiol Behav. ~:215-220. 
Perovic, L., Debijadji, R. and "iTarogic, U. (1969)~ The effect 
of simulated altitude on the catecholamine content 
in the brain of the rat. Physiol. Pharmacal. 
Acta. 5: 215-221. 
Palkovits, M., Brownstein,~., Kizer, J.S., Saavedra, 
J.~. and Kopin, I.J. (1975). Effects of stress on 
serotonin concentration and tryptophan 
hydroxylase activity of brain nuclei. 
Neuroendocrinology 22: 298-304~ 
Pfeifer, W.D. (1974). Modification of adrenal tvrosine 
hydroxylase activity in rats following ~anipulatio~ 
in infancy. In: (Usdin,E., et al., Ed). 
Catecholamines and Stress. Oxford! Perg. 
Press, 265-270. 
Pickel, V.i'1., Joh, T.H. and Reis, D.J. (1976). 
Monoamine-synthesizing enzymes in central dooaminer-
gic, noradrenergic and serotonergic neurons. 
Immuno-cytochemical localization by light and 
electron microscopy. J.Sistochem. Cytoc~em.24:792-8Q~. 
Pogodaev, K.I., Turova, N.F. and Semavin, I.E. (1969). 
Free acetylcholine content and activity of 
cholinesterases of various divisions of the albino 
rat brain under a physical load. UKR. Biokhim. 
ZH. 41: 507-511. 
Pogodaev K.I., Turova, N.F., Lebedev, V.M. and Semavin, 
I.E. (1970). Changes in catecholamine content in 
albino rat brain during swim.ro.ing of different oerio:l:;; 
of duration. UKR Biokhim. ZH. 42: 575-579. 
Pohorecky, L.A., Zigmond, M.J., Heimer, L. and Wurtrnan, 
R.G. (1969). Olfactory bulb removal-effects on brain 
norepinephrine. Proc. Nat. Acad.Sci., U.S.A. 
62: 1052-1055. 
Pohorecky, L.A., Chalmers, J.P. (1971). Effects of 
olfactory bulb lesions on brain monoamines, Life 
Sci. 10: 985-999. 
Radulovacki, H. (1973). Comparison of effects of paradoxical 
sleep deprivation and i~~obilization stress on 5-
hydroxyindoleacetic acid in cerebrospinal fluid. 
Brain Res. 60: 255-258. 
Reid, W.D., Volicer, L., Smookler, H., Beaven, ~.A. 
and Brodie, B.B. (1966). Brain amines and 
temperature regulation. Pharmacology 1: 329-335. 
Richardson, D. and Scudder, C.L. (1970). The effect of ol=ac-
tory bulbectomy and enucleation on behavior of the 
mouse. Psychonomic Science 19: 277-279. 
Richardson, D., Scudder, C.L. and Karczmar, A.G. (1971). 
Behavioral significance of neurotransnitter changes 
due to enviroTiental stress and drugs. The 
Pharmacologist 12: 161. 
Richardson, D.L. and Scudder, C.L. (1976)~ 
Microw·ave irradiation and brain gamma-aminobutyric-
acid levels in mice. Life Sci. 18: 1431-1440. 
Disinhibition as an organizing 
the nervous system- The role of the 
In: GABA in Nervous System Function, 
138 
Roberts, E. (1976). 
principle in 
GABA system. 
Ed. Roberts, E., Chase, T.N. and Tower, D.B., 515-536. 
Rosecrans, J.A. and Domino, E.F. (1974), Comparative effects 
of physostigmine and neostigmine on acquisition and 
performance of conditioned avoidance behavior in 
the rat. Pharmacal. Biochem. Behav. 2: 67-72. 
Rosie, N. (1970). Partial antagonis~ by cholinesterase 
reactivators of the effects of organophos9hate 
conpounds on shuttle-box avoidance. Archives Int. 
de Pharmacodvn. Ther. 183: 139-147. 
Sagales, T. and Domino,E .. (1973). Effects of stress and 
REM sleep deprivation on the patterns of avoidance 
learning and brain Ach in the mouse. 
Psychopharmacologia (Berl.) _29: 307·-315. 
Sakurada, T .. and Kisara, I\. (1977). Effects of p-
chlorophenylalanine (p-CPA) on sleep in olfactory 
bulb lesioned rats. Japan. J. Pharmacal. 27: 389-395. 
Salama A. I. and Goldberg, J.E. (1969). Effects of several 
models of stress and amphetamine on brain levels of 
amphetamine and certain monoamines. Arch. Int. 
Pharmacodyn.Ther. 181: 474-483. 
Saper, C.B. and Sweeney, D.C. (1973). Enhanced appetitive 
discrimination learning in rats treated with 
~-meth~tyrosine. Psychopharmocologia 30:37-44. 
Scriabine, A. and Blake, H. (1962). Evaluation of centrally 
acting drugs in mice with fighting behavior induced by 
isolation. Psychopharmacologia (Berlin) 3: 244-2461 
Scudder, C.L., Avery, D. and Karczmar, A.G. (1969), A 
study of avoidance conditioning in five genera of 
mice. Animal Behavior 17:77-86. 
139 
Scudder, C.L., Richardson, D. and Karczmar, A.G. (1969), 
Aggression and the orienting reflex in several aenera 
and strains of mice. Aggressologia 10:2-10. 
Scudder, C.L.,Karczmar, A.G. and Collins, M.A. (1974)• 
Correlations bet'tveen brain chemistry and ethanol 
preference in mice. In·Drug Addiction,Vol. 4 "3rd 
International Conference on Drug Addiction". 
H. Lal and J. Singh, Eds. Stratton Intercontinental 
Medical Book Corporation, Pubs. 137-163. 
Scudder, C.L. (1976), Mindless Meaning; Meaningless Mind. 
Perspectives Biol. and Hed. 19: 533-536. 
Selye, H. (1936). A syndrome produced by diverse nocuous 
agents. Nature (London) 138:32-45. 
Semiginovsky, B., Safanda, J., Sobotka, P., Jakoubek ,B. 
and Pavlik, A. (1976). The cerebral GABA, Beta-alanine, 
Lysine and ethanolamine content and conversion of 
14C from U 14C D Glucose into their molecule during 
emotional stress in rats: Effect of Pyrithioxin and 
Diazepam pretreatment. Acta Nerv Super (Praha) 
18: 218-220. 
Senter, R.J. (1969). Analysis of Data. Scott, Foresman 
and Co.; Glenview, Ill. 
Shalipina, V.G. (1973). Role of the brain adrenergic 
structures in non-specific responses of the organis~ 
to stimuli. Fiziol.Zh. SSSR.58: 357-361. 
Siggs, E.B., Day, C. and Colombo, C. (1966). 
Endocrine factors in isolation-induced aggressive-
ness in rodents. Endocrinology 78: 679-684. 
Simmonds, H.A. (197l)c Inhibition by atropine of the 
increased turnover of noradrenaline in the hypothala-
mus of rats exposed to cold. Br. J. Pharmacal. 42: 
224-229. 
Slotnick, B. (1968) 1 Effects of fear conditioning on the 
subsequent acquisition of an avoidance response. 
Psychon. Sci. 13: 159-160. 
Sobotka, T.J., Scudder, C.L. and Karczmar, A.G. (1969). 
A study of acetylcholine levels in the \·Thole brains 
of various genera and strains of mice and the effects 
of learning, isolation, and drugs on acetylcholine 
levels of brain regions. Fed. Proc. 17: 204. 
140 
Spencer, G., Gray, J. and Dalhouse, A. (1973). Social 
isolation in the gerbil: Its effect on exploratory 
and agonistic behavior and adrenocortical 
activity. Physiol. Behav. 10: 231-237. 
Stein, L. (1969)~ Chemistry of purposive behavior: 
In: Reinforcement and Behavior. Ed. Topp1 J.T. 
Academic Press~ N.Y., 328-355. 
Stein, L. and Wise, C.D. (1970). Behavioral pharmacology 
of central stimulants. In: Principles of Psycho-
pharmacology. Eds. Clark, W.G. a~d del Guidice, J. 
Academic Press: N. Y .1 313-325. 
Stein, L., Wise, C.D. and Berger, B.D. (1973). Antianxiety 
action of benzodiazepines: Decrease in activity of 
serotonin neurons in the punishment system. In: 
The Benzodiazepines (Eds. Garattini, Mussini, E. 
and Randall, L.O.), Raven Press·, N.Y.; 299-326. 
Stein, L. and Wise, C.D. (1974). Amphetamine and noradren-
ergic reward pathways. Pha.rm. Rev. 171: 1032-1036· 
Stein, L., Belluzzi, J.D. and \•lise, C.D. (1975). ~-1emory 
enhancement by central adDinistration of norepine-
phrine. Brain Res. 84: 329-335. 
Stern, W.C., Miller, F.P., Cox, R.H. and Maickel R.P. 
(1971). Brain norepinephrine and serotonin levels 
following REM sleep deprivation in the rat. 
Psychopharmacologia 22: 5-15. 
Sternberger, L.A., Hardy, P.H. Jr. and Cuculis, J.J. 
(1970). The unlabeled antibody enzyme method of 
immunohistochemistry: preparation and properties 
of soluble antigen-antibodies comples. 
(horseradish peroxidase-antihorseradish per~dase) 
and its use in identification of spirochetes. J. Histo. 
Cytochem. ~: 315-333. 
Stolk, J.M., Barchas, J.D., Goldstein, M., Boggan, W. and 
Freedman, D.X. (1974), A comparison of 
psychotomimetric drug effects on rat brain 
norepinephrine metabolism. J.Pharmacol.Exp. Ther. 
189: 42-50. 
Stolk, J.M., Connor, R.L., Levine, S. and Barchas, J. 
(1974), Brain norepinephrine metabolism and 
shock-induced fighting behavior in rats: Differential 
effects of shock and fighting on the neurochemical 
response to a common footshock stimulus. 
J.Pharmacol. Exptl. Therap. 190: 193-209. 
141 
Stone, E . .Z\.. (1970). Swim-stress-induced inactivity: relation 
to body temperature and brain norepinephri~e, and 
effects of D-amphetamine. Psychosom. Med. 32: 51-59. 
Stone, E.A. (1973). Accumulation and metabolism of nor-
epinephrine in rat hypothalamus after exhaustive 
stress. J. Neurochem.21: 589-610. 
Stone, E.A. (1975), Stress and catecholamines. In: 
Catecholamines and Behavior. Vol I. 
(Usdin, J., EdJ, 31-72. 
Taylor, K.M. and Laverty, R. (1969). The effect of 
chlordiazepoxide, diazepam and nitrazepam on 
catecholamine metabolism in regions of the rat brain. 
European J. Pharmacal. 8: 296-318. 
Telegdy, G., Vermes, I. and Lissak, K. (1974). C~anges 
induced by stress and corticosteroid treatment in 
the activity of the brain serotoninergic syste~. 
26th Int. Cong.Phys. Sci. Vol XI.l46-158. 
T:J:r-da, C. (1976), Effects o:: recurre:::1t postnatal stresses on 
hypothalamic concentrations of norepinephrine. 
Biol. Neonate. 29: 142-147. 
Thierry, A.H. (1972): Effect of stress on various 
characteristics of norepinephrine metabolis~ in 
central noradrenergic neurons. Adv. Exp. Med. 
Biol. 33: 501-508. 
Thut, P.D. (1977). Effect of L-DOPA analogues in Sidman 
avoidance performance in mice. Life Sci. 21: 
423-432. 
Tranzer, J.P. (197 3 ). Selective destruction of adrenergic 
nerve terminals by chemical analogues of 
6-hydroxydopamine. Experientia 29: 314-315. 
Uhl, G.R., Kuhar, M.J. and Snyder, S.H. (1978)• 
Enkephalin-containing pathway: amygdaloid 
efferents in the stria terminalis. Brain Res. 
149: 223-228. 
Ungerstedt, U. (1971)1 Stereotaxic mapping of the monoamine 
pathways in the rat brain. Acta Physiol. Scand. 
Supple. 367.384. 
Valzelli, L. ( 1967 ). Drugs and aggressiveness. Adv. Pharoac. 
5: 79-108 
142 
Valzelli, L. and Garattini, S. ( 19 68 ), Behavioral changes 
and 5-hydroxytrypta~ine turnover in animals. 
Adv. Pharnacol 68: 249-260 
Valzelli, L. (1973): The "isolation syndrome" in mice. 
Psychopharmacologia (Berlin) ~1:· 305-320, 
Vasquez, B.J., de Gardella, N. and Izquierdo, I. (1967). 
Oppositeand antagonistTc effects of amphetamine 
and catecholamines in the acquisition of a trace 
avoidance conditioned reflex in rats. 
Med. Pharmacal. Ex~t. 16: 325-328. 
Vellucci, S.V. (1977}t The effects of ether stress and 
betamethasone treatment on the concentrations of 
NE and DA in various regions of the rat brain. 
Br. J. Pharmacal. 60: 601-605. 
Vermes, I., Telegdy, G. and Lissal)~<.(l973). Correlation 
between hypothalanic serotonin content and adrenal 
function during acute stress. Acta Physiol. Acad. 
Sci. 43: 33-5L 
Watson, J.B. (1970). Kinaesthetic and organic sensations: 
their role in the reactions of the white rat to the 
maze. Psychol Rev. 8: 1-313-16. 
Weiner, N. (1970): Regulation of norepinephrine biosynthesis, 
Ann. Rev. Pharmacal. 10: 273 
Weiss, J., Stone, E.A. and Harrell, N. (1970), Coping 
behavior and brain NE level in rats. J. Comp. 
Physiol. Psychol. 72: 153-160. 
Weiss, J., Glazer, H.I. and Pohorecky, L.A. (1975)r 
Coping behavior and neurochemical changes: an alterna-
tive explaination for the original "learned helpless-
ness" experiments, In: Relevance of the Psychopatho-
logical Animal Model to the Human (Eds. Kling, A. 
and Serban, G~ Plenum Press: N.Y~ 123-146. 
Welch, B.L. and Welch, A.S. {1965), Effect of grouping on 
the level of brain norepinephrine in white swiss 
mice. Life Sci. 4: 1011-1027. 
Welch, B.L. and Welch, A.S. (1968). Differential 
activation by restraint stress of a mechanism to 
conserve brain catechola~ines and serotonin in 
mice differing in excitability. Nature (London) 
218: 575-576: 
143 
\'7elch, B.L. and Tvelch, A.S. (1969): Aggression and t~e biogenic 
amine neurohumors. In: Garattini, s., and Sigg, £.3. 
Eds. Aggressive Behavior. John Wiley and Sons: ~.Y.,l65-192. 
Welch, B.L and Welch, A.S. (1970). Control of brain 
catecholamines and serotonin during acute stress 
and after d-amphetamine by natural inhibition of 
monoamine oxidase: an hypotheses, 1n; Amphetamines 
and Related Compounds (E. Costa and s. Garattini, 
Eds. ). Raven Press: N.Y .. 415-445. 
1villiams, R. B. ( 1971). Social setting: Influence on the 
physiological response to electric shock in the 
rat. Science 174: 613-614. 
Hiner, B.J. (1962). Statistical principles in experimental 
desigTh N.Y.: McGraw-Hill. 273-297. 
Wise, D.S., Berger, B.D. and Stein, L. (1973). Evidence 
of a noradrenergic reward receptors and serotonergic 
punishment receptors in the rat brain.Biol. Psyc~. 
6: 3-21. 
\Vol£, A. and von Haxhausen, E.F. (1960). Zur Analye de 
Wirkungiewiger Zentral Sedativer Substanzen. 
Arzneimittel-Forsch. 10: 50-52, 
Wooley, D.W. (1965). A method for demonstration of the 
effects of serotonin on learning ability. In: 
Pharmacology of Conditioning, Learning and Retention. 
Ed. M. Ya. Mikhelson and Longo, V.G. Perg. Press: 
Oxford1 161-179. 
Wright, D.C. (1974), Differentiating stimulus and storage 
hypothesis of state-dependent learning. Fed.Proc. 
33: 1797-1799. 
Yen, H.C.Y., Day, C.A. and Sigg. E.B. (1962), Influence of 
endocrine factors on development of fighting 
behavior in rodents. The Pharmacologist. !: 173. 
Yunger, L. and Harvey, J.A .. (1976),· Behavioral effects of 
L-5-hydroxytryptophan after destruction of ascending 
serotonergic pathways in the rat.: The role of 
catecholaminergic neurons. J.Pharmacol. Exptl. 
Therap. 19~: 307-315. 
Yuwiler, A. and Olds, H.E. (1973), Catechola.'Tiines and self-
stimulation behavior: Effects on brain levels after 
stimulation and pretreatment with DL- Methvl-p-
tyrosine.Brain Res. 50: 331-340. - -
144 
Zajackowska, M.M. (1975). Acetylcholine content in the central 
and peripheral nervous system and its synthesis 
in the rat brain during stress and post stress 
exhaustion. Acta Physiol. Pol. 26: 493-497. 
APPROVAL SHEET 
The dissertation submitted by Daniel L. Richardson has 
been read and approved by the following corr~ittee: 
Dr. Alexander G. Karczmar 
Chairman of the Committee 
Chairman, Dept. of Pharmacology 
Dr. Michael A. Collins 
Department of Biochemistry 
Dr. Silas N. Glisson 
Depts. of Anesthesiology, Pharmacology 
Dr. Alfred J. Kahn 
Veterans Administr~tion Hospital 
Dr. Stanley A. Lorens 
Department of Pharmacology 
Dr. R. Alan North 
Department of Pharmacology 
The final copies have been examined by the director of the 
dissertation and the signature which appears below verifies 
the fact that any necessary changes have been incorporated 
and that the dissertation is now given final approval by 
the Committee with reference to content and form. 
The dissertation is therefore accepted in partial fulfill-
ment of the requirements for the degree of Doctor of 
Philosophy. 
I ; . 
- ;;) l·'J_/ l--; ~ 
Date , / ·· 1 
I 
